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A Serotonin-7 Receptor Pseudogene Cloned from Human Genomic DNA 

Ivy H.-P Qian, M.Sc. 1996 
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The discovery of multiple types of dopamine receptor has accelerated the search for 

the function of these proteins in the brain. Specifically, the brain dopamine D4 receptor, 

which is blocked by atypical neuroleptics such as clozapine, is under investigation for its 

possible linkage to schizophrenia. There is indirect evidence from binding studies 

suggesting that iWîike receptors may be elevated in schizophrenia . In addition, an 

increased binding of ['~]benzquinoline (a D4-specific antagonist) has recently been found 

in schizophrenia striatum. This increased binding site indicated the possible existence of a 

novel dopamine D4-like receptor. 

The objective of this present project was to detect this new receptor. Molecular 

techniques such as homology libiary screening and PCR amplification were c d e d  out. A 

serotonin-7 receptor-like gene (PG6-Dl), together with a partial genomic sequence 

(PCRlS) which is also serotonin-7 receptor-like, were isolated. The in-frame partial clone 

(PCRIS) shared significant homology with the serotonin-7 receptor gene among the TM6 

TM7 region, and named as the serotonin-7B receptor. Characterization of clone PG6-Dl 

sequence indicated it to be a pseudogene of the newly proposed serotonin-7 receptor gene. 

Because the new serotonin-7B pseudogene has 40% nucleotide identity to the M receptor 

gene within the TM region, the sequence of this new gene may be usefbi in the continued 

search for a new D2-Like receptor. 
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1. G protein-coupled dopamine receptors have long been implicated in some of the 

neuropsyc hological diseases, especially the D2-like receptors in SC hizop hrenia. Molecular 

cloning of the presently known D2-Ne dopamine receptors (D2, D3, and D4) prepared the 

technical foundation for the furiher possible discovery of additional M-iike receptors. 

2. Radioligand binding studies on schizophrenia striatal tissue using tritiated 

beazoquinoline revealed a novel DZ/D4-like dopamine receptor site. To search for this new 

site, low-stringency library screening (using schizophrenia caudate cDNA Library) and PCR 

amplification cloning (using schizophrenia genomic DNA as the template) were carried out 

in this project. 

3. Screening of the cDNA library involved an initial cDNA library plating and nylon 

membrane lifting of the plated Library. The actual screening of the library included 

prehybridization, preparation of [a-32~]dCTP-labelled DNA fragment (D4.2 

transmembrane 1-3 and D2 TM 6-7), hybridization, washing of the membranes, and final 

autoradiography. The positive clones were identified by sequencing. 

4. The PCR cloning strategy was done in three steps. First, there was the actual PCR 

amplification of schizophrenia genomic DNA using degenerate oligonucleotides (based on 

the TM 6-7 amino acid xquence of the D2-Like family, 5-HT5A and 5-HT"7 receptors). 

Second was the screening of a human genomic library using the radiolabelled novel clone 

identified fkom step 1. Lastly, the cloniag was completed with Southem blotting of 

enzymedigested positives obtained fiom step 2 and the subsequent sequencing of the entire 

coding region of the gene. 



5. Hybridization screening of a schizophrenia caudate cDNA iibrary under low-stringency 

conditions, using two different radiolabelleci DNA probes, failed to reveal any novel 

dopamine receptor clones. The radiolabelled-D4.2 TM 1-3 probe did not pick up any 

specific sequences. AU the positives isolated fiom the screening with M TM 6-7 probe 

were known D2 cDNA clones. 

6. Schizophrenia genomic DNA ampiifkation, by PCR using degenerate oligonucleotides 

as primers, revealed two novel partial clones. The high nucleotide sequence homology of 

the clones to that of the 5 - H 7  receptor (about 86%) inferred that the clones were 

serotonergic . 

7. Human genomic iibrary screening, subsequent Southem blotting and ktal cDNA library 

screening using one of the partiai clones as a probe, identified the coding sequence of a 

novel gene of 1326 bp, although the obtained sequence contained several frame-shifts (due 

to nucleotide deletions and insertions) and even stop codons. This gene was proposed to 

be a 5-HT7b pseudogene, based on its high homology to the 5-HT7 receptor (86% at 

nucleotide level) and its 99% identity to the other PCR-ampwied partial clone which was 

prematurely named as 5-IFI7b. 

8. A possible reason for the failure of the cDNA Library screening was postulated. Overail, 

a successfd homology cDNA library screening requires a ùighly sensitive probe (with at 

least 80% nucleotiâe homology to the expected novel sequence), and a well expressed 

cDNA iibnry. It is Iürely that screening of a genomic îiirary would be a M e r  

approachment to discover novel genes. 



9. PCR amplification of genomic DNA, using degenerate oligonucIeotides, is favored as a 

sensitive technique to look for new genes. The results h m  this project iadicated that the 

extent of oligonucleotide degeneracy and primer annealiag temperature are pivotal to 

successful cloning. 

10. The examination of the nucleotide and deduced amino acid sequences of the proposed 

5-HT7b pseudogene identified the putative TM domains, fmt methionine translation 

initiation codon, and the last stop codon. This gene was described as a "processed 

pseudogene" since it is intronless with multiple nucleotide deletions and insertions in 

cornparison to the functional5-HT7 gene. The 5-HT7 receptor has been suggested to be 

evolutionarily linked to the D2 dopamine receptor. The 5-HT7b pseudogene, exhibiting 

40% nucleotide homology to D2 receptor withui the TM region, may provide a bridge to 

the study of the 5-HT7 and the D2-like receptor systerns. 



1.1 The dopamine hypothesis of schizophrenia 

Dopamine, a member of the catecholamine family, is a major neurotransmitter in the 

brain. The neurotmsmitter occurs with its receptors in high concentration in the putmen, 

the cau&te nucleus, and the nucleus accumbens (Seeman, 1995). There are two major 

dopamine pathways in the brain. The fmt set of neurons have cell M e s  in the substantia 

aigra m a  of the brain stem, and these ceii bodies send axons to the corpus striatum, 

controliing body motion. The second major pathway, with its celi bodies originating from 

the ventral tegmental area of the brain stem, has ascending axons to the limbic system, 

which regulates emotional behavior (Fig. 1). Hence, the anatomic distribution of 

dopaminergic neurons in the brain involves the dopamine system in both motor and 

neuropsychological function (Seeman, 1995). The antipsyc hotic dnigs suc h as 

chlorpromazine and haloperidol led to the discoveiy of dopamine receptors as the primary 

targets for the ûeatment of psychomotor disorders such as Parkinson's disease and 

schizophrenia (Seeman et al., 1975). This discovery has m e r  confirmed the dual-roles 

that the brain dopamine system plays in our lives. 

The discovery of antipsychotics led io the development of the dopamine hypothesis 

of schizophrenia (Van Rossum, 1967; Seeman and Van Tol, 1994). According to this 

theory, overactive brain dopamine synapses, caused by an excess release of dopamine or 

an incteased expression of dopamine receptors in the synapse, could be the bais of 

schizophrenia. The major support for the hypothesis is from the f a t  that antipsychotic 

drugs block dopamine receptors in vivo and in vin0 (Andén et al., 1970; Seeman et al., 

1976). Most irnportantly, most of the neuroleptics have dissociation constants (K values) 

at a specific group of dopamine receptor @2 receptor) that comlate with th& therapeutic 

concentrations which are found in treated patients' spinal fluid (Seeman and Lee, 1975; 

Seeman and Van Tol, 1994). 



Fig. 1 Distribution of major dophergic neurons in the brain. Dopaminergic neurons are 
involved in both body movement and neuropsychological function. Corpus stnaturn, the 
brain area controiîing the onset or offset of the body movement, contains high density of 
dophergic neurons originating h m  the substantia nigra of the brain stem. Limbic 
cortex, the system responsible for the psychologicai aspect of behavior, reveals a high 
concentration of incoming doparninergk neurons whose ceii bodies are gathered in the 
vend  tegmental area. (Adapted from Seeman, 1995) 



1.2 Dopamine receptor family 

Dopamine receptors were initially classifieci into two types, Dl and M (Kebabian 

and Calne, 1979). This was based on their pharmacological and biochemical criteria, and 

their different coupling to adenylyl cyclase. The stimulation of adenylyl cyclase activity 

was assigned as Dl, while the inhibition of adenylyl cyclase is considered a D2 effect. A 

variety of pharmacological and biochemical findings suggested the existence of more than 

one type of M receptor. As it tumed out to be tme, three genes encoding D2-We 

dopamine receptor subtypes were isolated and characterized; they are the D2, D3, and W 

receptors (Bunzow et ai., 1988; Grandy et al., 1989; SokolofT et al., 1990; Van Tol et al., 

1991). At the same tirne, additional members were also discovered and characterized in the 

DI-lüce farnily which are Dl and D5 receptors (O'Dowd et al., 1990; Dearry et al., 1990; 

Monsma et al., 1990; Zhou et al., 1990; Sunahara et ai., 1990; Sunahara et al., 199 1). 

Variations exist in each receptor subtype of the h u m  D2-like family @al Toso et al., 

1989; Giros et al., l99 1; Van TOI et al., 1992; Seeman, 1995) (Table 1). 

1.3 Molecular biology of D2-like dopamine receptors 

Dl and M dopamine recepton interact with G proteins to affect second messenger 

systems indirectiy. Upon agonist binding, the Dl receptor activates adenylyl cyclase 

through the G protein Gs (Kebabian and Greengard, 1971) whereas the D2 receptor 

inhibits activation of the cyclase through the Gi protein (Onali et al., 1985). 

The genetic coding sequences and the protein structures of 0 protein-coupled 

receptors have been rapidly discovered since the first cornpiete protein sequence of the 

visual pigment bovine rhodopsin was detennined in 1982 (Ovchinnikov et al., 1982; 

O'Dowd et al., 1992; Probst et al., 1992). AU of the receptor proteins are found to be 

single polypeptide chahs. The deduceci amino acid sequences exhibit seven stretches of 

hydrop hobic residues whic h are believed to fom the putabive transmembrane a-helices 

referred to as msmembrane domains 1-7 (TM 1-TM7). This pndicted structure, based on 



Table 1 Properties of dopamine receptor subtypes 

High density in: 

Stimulant: 

Blocker: 

Putamen, caudate ? 
accum bens 

Putamen, caudate Accumbens, Accumbens, 
accumbens Calleja ides hippocampus 

Dopamine, Dopamine, Dopamine, Dopamine, Dopamine 
fenoldopam fenoldopam bromocriptine 7-OH-DPAT 

Schering no. Schering no. Antisychotics Antipsychotics Clozapine 
23390 23390 

Adenylate cyclase: Stimulates Stimulates lnhibits lnhibits lnhibits 

Human variants: None Rue Five Three >25 

Amino acids: 446 475-477 4 14-444 400-446 387-51 5 

lntrans in gene: None None Six Five Thtee 

On chromosome: 5 (q35.1) 4 (pl 5.1 -1 5.3) II (q22-q23) 3 (q13.3) 11 (pl5.5) 

Pseudogenes: 3 Yes ? 3 ? 

(For references see text) 



an initial hydropathy analysis of several early cloned G protein-coupled receptors (Nathans 

and Hogness, 1984; Nathans et al., 1986; Dixoa et al., 1986), has been supported by 

electron ciiffrac tion studies for bacteriorhodopsin (Hender son et al., 1990) and proteolytic 

cleavage studies for rhodopsin and the pl-adrenoceptor. (Hargrave et al., 1982; Dohlman 

et al., 1988). The TM domains are comected by extracellular and intracellular loops, and 

capped with extracellular amho iermini and cytoplasmic carboxyl termini. Molecular 

cloning studies have revealed many other G proteincoupled receptors, including dopamine 

receptors. Al the members of this famiiy share significant deduced amino acid sequence 

similarity with greatest homology in the transmembrane regions. Several important 

residues which are thought to be essential for the function of these receptors are conserved 

in vimialIy al1 the G protein-coupled receptors (Probst, 1992) (Fig. 2). 

Based on the assumption that other unidentifïed members of the G protein-coupled 

receptor family share similar molecular structure with the early entities, especially in the 

seven conserved transmembrane domains, Bunzow et al. used a hamster PZ-adrenoceptor 

full-length coding sequence to probe a rat genomic Library (Bunzow, 1988). Under low- 

stringency screening conditions, the group isolated a thgrnent showing significant 

homology to the TM67 nucleotide and amino acid sequences of the hamster P2 

adrenoceptor. Therefore, under low-stringency conditions, clones that are not 100% 

homologous to the probe wiii also be picked up during hybridization. Subsequent rat brain 

cDNA iibrary screening, using the isolated fragment under high-stringency conditions, 

identifïed the full length of the D2 rat cDNA (Bunzow, 1988). 

The human homolog of the rat M receptor was aiso cloned later from a human 

pituitary cDNA library. The àeduced amino acid sequence shared 96% protein identity to 

the rat D2 receptor (Grandy et al., 1989). The mRNA distribution of the D2 dopamine 

receptor was studied in the rat brain using specific D2 receptor cDNA oligonucleotide 

probes (Meador-Wdruff et al., 1989; Mengod et al., 1989; Weiner et al., 199 1). The 

messengers wen &y expressed in the movement-controlling regions of the braia, the 



Fig. 2 Amino acid sequence mode1 of the G-protein coupled receptors represented by the 

human p2-adrenergic receptor. Residues in black are conserved in aimost al1 of the G 

protein-coupled receptors. Boxed residues are conserved in all catecholamine receptors. 

The asterisk denotes the serine conserved in the serotonin receptors. Residues in diamonds 

are believed to be involved in G protein coupling. (Adapted h m  Robst, 1992) 



Fig. 3 Illustration of the mRNA distribution of dopamine receptors in the hurnan brain. 
The enhanced colour in each p i c m  represents the concentrated mRNA region of each 
individual rtxeptor: red @1), purple @5), blue (Dl), orange (D2), and green (LM). 
(Adapteci nom Seeman. 1995) 



caudate nucleus and the putamen. Also, D2 mRNA was found in the substantia nigra, 

nucleus accumbens, and olfactory tubercle (Fig. 3). 

A similar cloning strategy was applied to identify the second member of the D2-like 

dopamine receptor family, the "DY receptor. Also under low-stringency conditions, a 

DNA hgment was isolated from a rat brain cDNA library using a probe derived from the 

rat D2 sequence (nucleotides 146-233, TM1-2) and subsequenily radiolabelled to screen a 

rat genomic library (Sokoloff et al., 1990). The resulting positive clone showed strong 

homology with the TM 1-2 sequence of the D2 receptor. The full length D3 cDNA was, 

therefore, cloned by RT-PCR using rat brain poly(A)+ mRNA and a degenerate 

oligonucleotide fiom TM 7 region of the D2 receptor and primes derived from part of the 

positive clone sequence, and another round of rat genomic library screening using a 

restriction fragment isolated from the RT-PCR (Sokoloff, et al., 1990). Overall, the D3 

receptor is 50% identical with the D2 receptor at the amino acid level, and this identity 

increases to about 7546 in the TM regions (Sibley and Monsma Jr., 1992). In cornparison 

to the mRNA distribution of D2 receptor, D3 expression is much less abundant and 

narrowly distributed in the brain. llnlike D2, D3 is mostly expressed in the ventral 

sinatum, the olfactory tubercle and the nucleus accumbens. However, D3 mRNA was also 

detected in the hypothalamus, an area influencing emotions (Sokoloff, et al., 1990) (Fig. 

3). 

The t b d  receptor in the D2-iike family, D4, which was suggested later to play an 

important role in neuropsychological function, was cloned in 199 1 (Van Tol et al., 1 99 1). 

It was found by low-stringency library screening, using rat D2 TM 6-7 DNA as a probe. A 

neuroblastoma ce11 cDNA library was meened and a clone exhibithg high homology to the 

rat M sequence was isolated, encoding the putative TM 6-7 region of the human W 

receptor. Subsequently, a human genomic libiary was screened under high-stringency 

conditions with the radiolabelled novel clone, and the human W gene with introns was 

discovered. 



Table 2 Sequence homology within the dopamine receptor family in cornparison CO the 
D2 subtype. (Modified from Schwartz. 1996) 

Nucleic (total) 38.5 58.7 51.4 38.1 
Nudeic m) 55.4 73.7 61.6 58.5 

Peptldic (total) 30.1 50 37.8 39.5 
Peptidic (TM) 46.9 76.5 54.7 49. i 

(For refennces see text) 



The overd homology of the deduced amho acid sequence of W to D2 and D3 

receptors are 38% and 3996 respectively. Again, the homology increases to about 55% for 

both receptors within the TM domaias (Sibley and Monsma Jr., 1992) (Table 2). 

Therefore, according to its molecular structure, W is most distantly related to the D2-like 

dopamine recep tor farnily . 

Northern blot analysis, using either the partial-length or a gene fragment containhg 

the fifth exon of the human W gene as a probe, was canied out to snidy the mRNA 

distribution of the W receptor (Van Tol et al., 199 1). In comparison to the D2 and D3 

mRNAs, W messenger RNA was âeiected mainly in the frontal cortex, amygdala, 

hippocampus, substantia nigra and hypothaiamus. In the brain regions where D4 mRNA is 

relatively well expressed, D3 mRNA concentration is comparable, but those of D2 seem to 

be 1-2 orders higher in magnitude in the striatum (Fig. 3). 

The high expression of the D2 receptor in the brain presumably resulted in it king 

the fust one to be cloned in the D2-like famüy, using molecular homologous library 

screening. The relatively high sequence homology among the D2-like family members was 

a factor for the subsequent successful cloning of the D3 and W receptors. These receptors 

were demonstrated to be distinct from one another pharmacologically. 

The phamürcologica characterization of the W dopamine receptor is interesting 

insofar as clozapine was found to be selective for D4, compared to D2 (Van Tol et al., 

1991). This may explain the phannacologicd profile of the atypical neuroleptic clozapine 

@eutch et al., 199 1; Seeman 1990). It was found that D4, D2 and D3 receptors show 

more or less similar affinities for most of the dopamine receptor agonists and antagonists. 

However, clozapine and its congener octoclothepin exhibited about a 10-fold higher affinity 

for the W receptor in comparison to that of the D2 and D3 receptors (Van Toi et al., 1991) 

Most importantly, the dissociation constant of 20 nM for clozapine for W is similar to the 

thefapeutic concentraton of clozapine measureû in patients' plasma water (Fig. 4). 1t is 

possible, but not proven, that W may be the primary dopamine receptor mediating the 

10 



i i'o 160 1 
Fm neurolepîic in plasma water, nM 

Fig. 4 Correlations betwan the dissociation constants (K values) of nemleptics and their 
thcraptutic conceatrations in plasma water. This cornMo11 has largely supported tbe 
dopamine hypothesis of schuophrcnia. Most of the neutolcptics block M rrceptors at the 
theraptutic concentration. The aiypical dmg, clozapine, blocks the W nceptor at 10-20 
nM, a concentration which is found in the spinal fluid of clopapine-trieated patients. 
(Adapteci h m  Seeman and Van Tol, 1993) 



antipsychotic action of clozapine. The Werent mRNA distribution pattern of D4 receptor 

(compared to that of M and D3 mRNA) may partly explain the lack of extrapyramidal side- 

effects during clozapine treatment. The moledar cloning of the D2-like dopamine 

receptors has certainiy improved the undestanding of nemleptic treatment. 

1.4 More D2-Uke dopamine receptors? 

Now that five dopamine receptors have been cloned and expressed (not including 

hurnan variants). Tbe possible existence of additional dopamine receptors has not been 

recently mentioned. Nevertheless, M e r  searching for new receptors are always inspired 

by the fact that new targets for antipsychotic h g s  may be found to improve dntg therapy. 

A controversy exists concerning the expression of D4 receptors in the brain. Initial 

characterization of the W mRNA distribution, using Northern blot analysis, has shown 

low levels of D4 mRNA in the rat strianun and hippocampus (Van Tol et al., 1991). A 

cDNA fragment encoding the putative TM 6 7  region of rat W was used as a radiolabeiled 

probe in the Northern blot. Another analysis of the distribution profile of W mRNA was 

also c d e d  out in the rnonkey brain (Van Tol et al.. 1991). Relatively high levels in frontal 

cortex. midbrain, medulla, and amygdala were observed. Low levels of mRNA were 

detected in striatum and hippocampus with no signal in the cerebellum. The 32P-labelled 

probe used in this Northern blot analysis was a genomic DNA fragment encodiag TM 6-7, 

starting at the 5' site of the fourth Mon. 

In a more detailed study using in situ hybriâization histochemistry in human brah 

slides, a modest amount of W mRNA was revealed in the hypothalamas, amygdaia, 

hippocampus, nucleus accurnbens, and much of the cerebral cortex with relatively 

negiipible amounts in the strianim (Meador-Woochff et al., 1991). The W receptor 

niprobe was a fragment of a 236 bp human W receptor (bases 15324767) 

correspondhg to the region of human W receptor mRNA encoding TM 4 and the third 

intracellular loop. 



There is some discrepancy, therefore, regarding the D4 receptor expression in the 

striatum. It was suggested that W receptors may not be synthesized in the basal ganglia, 

but rather presynaptically localized on the afferent tenninals in the striatum (Murray et al., 

1995). However, this does not fdly explain the inconsistency found in W mRNA 

distribution in the striatum. In fact, binding studies have revealed a low density of 

dopamine D4 receptors in the brain striatum (Seeman et al., 1993b). 

The other argument provided in this thesis is based on the speciticity of the probes 

used in the mRNA distribution analysis and the possibility of the existence of other 

unknown Dm-Like members. That is, if extra homologous members of the D2/D4-like 

dopamine receptor family do exist, specific mRNA identification of D4 receptor may be 

handicapped. One couid argue that different radiolabeiled probes were used in separate 

studies of Northem blot analysis and in situ hybridization, therefore, resulting in a different 

mRNA distribution for the W receptor due to the probes bind differently to different 

mRNA templates. Whether or not the above mentioned arguments are valid, to resolve the 

controversy of W mRNA distribution profile, it would be helpful io use a D4-specific 

radioligand which cm tag the D4 receptor and study the receptor protein distribution first. 

During studies of a possible link between D4 receptor a b n o d t y  and 

schizophrenia, the search for a D4-specific ligand was also carried out in our lab. Using a 

radioligand subfraction method, it was reported that there was a two- to six-fold elevation 

of putative W binding in the pst-mortem striata of a schizophnnic population in 

cornparison to the coatrol group (Seeman et al., 1993a, 1995). However, direct 

measurement of this elevation was not possible due to the lack of a W-specifc ligand at 

that the. Recently, however, the binding of a tritiated benzoquinoline (moderately 

selective for W as an antagonist), was found again elevated in schizophrenia tissues 

(Seeman et al., 1996 in press). Futher phamiacological analysis of this elevated site 

suggested the existence of a new D 2 D 4 - h  dopamine receptor in the brain. 



Tritiated benzoquinoiine was used in binding assays to demonstrate the putative D4 

receptor elevation. This was done on control and schizophrenia striata1 tissues in the 

presence of excess SCH23390 to M y  block D l  and D5 receptors, and with excess 

radopride to fully block D2 and D3. A signincant elevation was revealed in the diseased 

strianim. 

However, the question arises as to whether this elevation may be attributed to W 

receptors. To solve this puzzle, dissociation constants of various dmgs for cloned D2, W 

receptots and the elevated [3Hlbe~quinoline site in the striatum were evaluated. 

Surpnsingly, clozapine had a much higher K value for the ['Hlbenzquinoline site in 

cornparison to the D4 clone. Moreover, the dissociation constants of R- and S-sulpiride for 

the [3Hlilbenzquinoline site were similar, similas to W as it is nonstereoselective, but in 

contrast to D2, where S- is ten times more potent than R- (Table 3). Hence, this elevated 

site in schizophrenia striatum shares phmacological characteristics with both D2 and W 

receptors, yet is not the same as either one of them. 

Various dopamine agonists inhibited the binâing of the tntiated benzoquinoline to 

this new site in the presence of excess SCH23390 and raclopride. The most important fact 

was that dopamine was always more potent than norepinephriw or serotonin (Fig. 5). 

This rank order indicated that this new site is indeed dopaminergic. Using identical binding 

conditions, this rank order was aiso observed in the rat striaturn (Seeman et al., 1996 in 

press). 

Perhaps the most intriguing observation was that this new dopaminerpic site 

elevation was only detected in the schizophrenia striahm with insignincant amounts in the 

AIzhermer's, Huntington's or Parkinson's brain (Fig. 6). Therefore, a search for this new 

dopamine D2-like receptor was justified. 



Table 3 Dissociation constants (K values) of three dmgs to the D2, D4 and the new site. 

Dissociation constant (K value) 

02 04 New '02fD4-like' site 
nM nM nM 

(For refemce sec text) 



Fig. 5 Inhibition of ['WSDZ GLC756 binding to the novel dopamine maptor by various 
dopamine agonists in schuophrenia suianun. This was dont in die prwena of 20 PM 
SCH.23390 and 100 nM raclopride. It was shown that dopamine was more effectively 
blocking thc binding than nottpincphrine or serotonin, thenfore, the new site was 

considcred to be dopamintrgic. NA: nompinephrine; 5HT: serotonin; DA: dopamine; 
GLC: GLC756; NPA: N-propyinorapomorphine; Apo: apomorphiae; ADTN: 6.7- 
dihyâroxy-2-aminotetrajin; Bmmo: bromocripiae. (Adaptai h m  Seeman, 1996) 



ALZHEIMER'S PARK. 

HUNTING- 
TON'S 

1 2  

Fig. 6 CompPnson of th [)H]sDz GLC756-labelled dopamine receptor densities in pst- 
moricm control, Alzheimer's, Huntington's. ParLinson's, and schwphrcnia brain striata. 

The mcasurcl~l~nts werc obtained in the presence of 20 nM SCH23390 and 130-20 nM 
nrlopride. Noaspecific binding was denoed by 100 pM dopamine. The new site was 

only sipnincantly elevaticd in schizophnnia striatum with respect to the control and other 
nempsychological dixases. (Adaptcd h m  Seman, 1996) 



1.5 Research objective: molecular cloning of a novel dopamine receptor 

€rom schizophrenia striatum 

The existence of five dopamine receptors has significantly advanced the 

understanding of the brain dopamine system. Most important, it has been realized ihat 

specific therapeutic targetting of paaicular dopamine receptors may improve the ciinical 

treatment of some neuropsychological diseases and hopefully lead to the basis of one or 

two of these illnesses. For example, the atypical neuroleptic clozapine prefers D4 receptors 

in the brain (in addition to blocking D2 and serotonin 2A receptors). Hence, studies on W 

receptor hnction and possible dyshinction in schizophrenia may provide one avenue in 

searching for the etiology of schizophrenia. 

The putative novel DZ/Delike dopamine receptor, present in high concentration in 

schizopbrenia striatum, was of interest to isolate. The fact that this new dopamine receptor 

site was only elevated in schizophrenia brain in cornparison to the control and other 

psyc homotor diseased brains made the objective more during. 

1.6 Research strategy 

(a) Low-stringency homology library screening: 

Homology screening of DNA or cDNA libraries has been applied widely and 

successfully to isolate a number of genes, particularly those of the G protein-coupled 

receptor family (Fig. 7). In the dopamine receptor family, the D2-Ne receptors were al1 

cloned by low-stringency library screening (Bunzow et al., 1988; Sokoloff et al., 1990; 

Van Tol et al., 1991). 

Since the putative novel dopamine site bas been preliminarily identified as a D2/D4- 

like receptor, and it was found in schizophrenia stria- we decided to use D2 or W 

cDNA fragments (whose sequences are conserved arnong the D2-like receptor family) as 

probes to scnen a schizophnnia striatum cDNA hirary (See Van TOI et al., 1991 for 

mthods) (Fig. 8). Rior to the high-stringency library screening, which was to detect 



Fig. 7 Iïîuseation of the basic p ~ c i p l e  of hybridization scrcening. Double-süandcd DNA 
tcmpIates axe &naan#l into single-stranded. ûnœ a labcilcû probe (Le., [u-~?]~cTP 
labeilcd probe) is addeci, un&r ce- stringency conditions, the probe molccults are 

aliowed to hybndizc to the templates which am not aecessariîy 100% homologous to the 
probe sequcnccs. Afkr the hybridhion naction, the hybrids formd arr separateâ h m  

the excess probe molecules to enable &-on of the hybnds. (Adaped h m  
1993) 



Fig. 8 Topopphical structure, with the seven TM regions. of the D2-iike d o m e  
iieaptors nprcscnted by tbe human W dopamine fcctpor in the piasma membraae. 
Amino acid &dues in the soiid cUcIcs are identicai in D2, D3, and W receptot. For 
iibrary scnening, fragments of TM 1-3 of W.2 ieaptar and TM 6-7 of M I#XP~OC werc 

chosen to k radiolabtiied as probes. These two regions an both weii conserveci among 
the D2-W doparnine nceptor family. (Modfied h m  O'Dowâ, 1993) 



these clones carrying highly homologous sequences as the cadiolabelled DNA probes, low- 

stringency scrccning was applied to iden* both highly specinc clones and low homology 

clones. RadidabeUed positive clones, which are detected in both low-srringency and high- 

stringency screenings, are eventualiy purified and isolated. By using this method, the 

putative D2/D4-iike receptor might be identified as one of the final positive clones provided 

that it bas a gene structure homologous to that of either the D2 or D4 dopamine ieceptors. 

(b) PCR amplification of schizophrenia genomic DNA: 

PCR cloning has also been instrumental in the isolation of various G protein- 

coupled receptors (Libert et al., 1989; Marchese et al., 1994). This technique takes 

advantage of the structural homologies arnong the G protein-coupled receptor f a d y .  

Depending on the degeneracy of the designed oligonucleotides and the two prhers (3' end 

and 5' end primers) anneaihg temperature to the template during amplifkation. different 

clones carrying gene sequences with close homology to the prirners will be amplif'ied. The 

annealing temperature can, therefore, be modulated to optimize the cloning efficiency. 

Schizophrenia genomic DNA was chosen to be the template for PCR amplification. 

Since every gene is present in the genome, the putative novel dopamine receptor should 

also be included. Two sets of oligonucleotide were synthesized. The fmt set was of low- 

degeneracy, which was derived h m  the conserved amino acid residues of TM 6-7 of the 

D2-like family. The second set was based on the correspondhg conserved amino acid 

sequences of the TM 6-7 region of D2-like receptors and 5-HT5A and 5-HT7 serotonin 

receptors (Rees et al., 1994; Bard et al., 1993). Therefore, it was of high-degeneracy. 

The amealing temperature woufd be adjusted to obtain the maximum cloning sensitivity 

(Fig. 9). 



Relative 1 Relative 2 Relative 3 Rest of the 
genomic DNA 
including 
unknown relatives 

PCR ampiification with genodc 
DNA and degenerate 
oligonucleotides based on 
numbers of homologous genes 
(i.e.. Relative 1-3 TM67 
sequences .) 

Possible clones picked up after PCR 

Relative 1 Relative 2 ~elativc 3 New clone/rela tive 

Ligate into a vector 

Transfonn bacteria and 
dideoxy squcncing of clones 

Fig. 9 Diagnm of the polymerasc chah d o n  clonhg method, ushg gcnomic DNA as 
tcmplate and âegcnerate oligonuckotides as amplifying primers. Based on the assumption 
that the new genc has a similu amino acid squence as its relatives among the coaserved 
TM region. &gencraîc oligonucleotide PCR p h e r s  arc designcd on the basis of the 
coasemd amino acid sequence and the most commonly used codons for thme amino 
acids. Thcrcfore. degenerate oligonuclooti&s are a mixture of oligonucleotides containhg 
a i i  possible codons for the amino acid sequence. PCR amplification of the genomic DNA 
will meai genes dias cany highly homo~ogous saquaces to the primas. 
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2.1 Screening of Schizophrenic Caudate cDNA Library 

(a) Preparation of host cells for phage infection: 

For each screening, about 10 large NZY agar plates (150 mm) were made and 

prewamed at 37°C for an hour prior to plating. A colony of the RCK E.coii host strain 

XL1-Blue MRF' was picked fiom a LB-Tetracyche plate streaked with XL1-Blue cells. 

The colony was inoculated in 50 ml of LB broth with 0.2% maltose and 10 rnM 

magnesium sulphate. The inoculation was done ovemight with gentle rotation at 200 rpm, 

30°C. The ovemight culture was vansferred into a 50 ml Falcon tube and centrifuged at 

4"C, 2 0  rpm for 10 min. in a Beckman table-top cenuifuge. The culture was then 

resuspended gently with 10 mM magnesium sulphate to an O.D., reading of about O S .  

The comptent cells were stored at 4OC and ready for transfection. 

(b) Phage transfection and library plating: 

The titer of the cDNA library, which is the number of plaque-forming units per ml 

(pfu'slml), was about 6x10~ pfu9s/ml. To cany out one sufncient iibrary screening, 

appmximately 5x10' plaquedplate would be necessary. Hence, the proper amount of 

library for plating was obtained by diluting the original library with SM buffet. The host 

cells (600 pi) and phage were incubated at 37°C for 15 min. to allow the phage to adsorb 

ont0 the bacteria. At the end of the 15 min. infection, 7 ml of top agar prewarmed at 5WC 

was added. Subsequent plating was done by quickiy rnixing and pouring the infected 

bactena ont0 the plates followed by gentle swiriiog of the plates. The plates were allowed 

to sit at m m  temperature for about 10 min. untii the top agar was dry, and stored upside 

d o m  at 37OC for appmximately 8 hr. until phage plaques appeared 



(c) Nylon membrane lifting/transferring: 

The plates were chilled at 4OC for at le& 1 hr to harden the top agar so t h  the 

plaques could be l a d  ont0 nylon membranes for m e r  hybridization screening. nie 

nylon membranes were placed evenly ont0 the top agar and allowed to sit on the plates for 

2 min. with their concave side dom. To designate the orientation of the membranes on the 

plates for later aligament, ibree separate holes were poked by using a ink-dipped needle 

through the membrane into the agar plate. The membranes were gently removed fiom the 

plates, and placed with their plaque side up ont0 a piece of Whatman 3MM blotting paper 

soaked in a denatuhg solution of 0.5 M NaOH for 2 min. After the fust 2 min., the 

membranes were removed, placed briefly on blotting paper to get rid of excessive solution, 

and transferred ont0 another Whamÿui paper soaked in a pool of fresh solution of 0.5 M 

NaOH for a further 2 min. The membranes were placed on blotting paper again before they 

were treated for neutralization. The membranes were placed with their plaque side up onto 

k s h  Whatman paper soaked in a pool of 1.0 M Tris-HCl (pH 7.5) solution for 2 min. 

This was repeated agah with a new pool of 1 .O M Tris-HC1 (pH 7.5) solution d e r  the 

membranes were quickly blotted on a blotting paper. Duplicate membranes were placed 

onto the plates for 5 min. They were denatured and neutralized in the same way as 

âescdbed for the fmt set of membranes. Finaiiy, the membranes were air-dried for at least 

2 hr. before they were subjected to hybrihtion with radio-labeiied DNA probes. The 

drying pmcess allows the phage DNA to bind ont0 the membranes permanently. 

(d) Prehybridlzation: 

For low-stcingency screening, the prehybridization solution was made up of 25% 

formamide, 0.2% polyvinylpyrroiidone, 0.2% ficoll, 0.05 M Tris-HCi bufTer (pH 7.5), 1 

M NaCl, 0.1% tetrasodium pyrophosphate, 1% SDS, and 100 pg/d salmon sperm DNA 

which was boiled for 10 min. before it was added last into the solution mixture. The 

solution was n o d y  stored at 4OC. Just before it was used, a proper amount of solution 



was taken out and prewarmed to 37°C. About 80 ml of prehybridization solution was 

n o d y  used for 20 membranes. The membranes were presoaked in 2X SSC before 

prehybridization. Two hybridization tubes, each containhg 10 fdters and 40 ml 

prehybridization solution, were placed ont0 the rotor of the hybridization incubator. While 

the tubes were rotating, the solution was continuously covering the membranes evenly. 

The prehybridization process was carried out ovemight at 37'C at a iow rotation rate. For 

high-strhgency screenhg, the prehybridization was the same except 50% fornamide was 

used in the prehybridization solution, and the process was carried out at 42°C. 

(e) Purification of DNA fragments for radiolabelling: 

In the process of hybridization screening of the schizophenic caudate cDNA library, 

a human D4.2 DNA fragment and a human D2 DNA fiagrnent were radiolabelled and used 

as a probe in the hybndization screening. The two probes were used in separate screenings 

with the intention of identifying novel dopamine receptors. 

Human D4.2 clone in an RSV vector was digested with endonuclease Hindm and 

eiecfrophoresed on a 1.0% agarose gel. The 1.5 kb D4.2 insert was removed from the gel 

and pded by centrifugation ai 1 3 0  g for 3 min. The 1.5 kb clone was then digested 

with PvuII enzyme, electrophoresed, and the 5 0  bp fiagment of the TM1 to TM3 regions 

of the D4.2 cDNA was pded from the gel using the same cenuifugation method for 

M e r  radiolabelling. 

The DNA fkagment of the human D2 receptor fiom TM6 to TM7 region was 

obtauKd by PCR amplification. The set of oligo p h e r s  were: 

1) (1 100)D2: 5'-AGACCATGAGCCGTAGGA-3' 

2) ( 136O)M: 5'-CAGGCAGCAGAGTCAGCA-3' 

About 50 ng of D2 cDNA clone was used as a template for the standard PCR amplincation 

in the plesence of primers, Taq polymerase enzyme, 5X reaction bufSer, and dNTP's. 

Thiay cycles were c h e d  out, including 30 sec ûenaauation at 94*C, 30 sec primer 



annealing at 55°C and 30 sec DNA chain extension ai 72°C. The reaction was ended with 

another 10 min. period of extension at 72T. The PCR products were electrophoresed on a 

1.4% agame gel, the ex-d 300 bp TM6 to TM7 h p e n t  was removed and puri6ed 

for radiolabelling. 

(f') Preparatioa of radioactive DNA probes: 

The p d ~ e d  DNA fragments were labelled with [ a - 3 2 ~ ] d ~ ~ ~ ,  using the random 

DNA labelhg kit (GIBCO BRL) according to the mdom primiag method (Feinberg and 

Vogelstein, 1983). About 25 ng of DNA h p e n t  in 23 pl d%O was denatured into 

single-stranded DNA at lO0C for 5 min. The sample tube was briefly centrifuged to bring 

dom the condensate, and then immediately cooled on ice. Subsequently, 2 pl of each of 

dATP, dGTP, dïTP solutions and 15 pl Random Rimers Buffer Mixture were added, and 

the tube was vortexed and centrifuged again. At the fumehood, 5 pl (about 50 pCi) [u-~~P] 

d m  was carefbiiy ad&d into the tube, and the mixture was gently stirred with the pipette 

tip. The fmd step was the addition of 1 @ Klenow Fragment with gende and thorough 

stining. The labelhg reaction was incubated at room temperature for at least 1 hr. 

The radiolabelled DNA hgments were eluted ftom the total reaction mixture using 

the NACS Prepac. For DNA probes less than 100  bp, binding buffer A (0.2 M NaCl in 

TE buffer) and eluting b s e r  B (1 M NaCl in TE buffer) were used in the process. The 

purification column was fmt washed 3X with 2 M NaCl TE buffer. The column resin 

was then equilibrated with the bhding buffer A More it was placed in the humhood for 

probe purifcation. The radiolabelled DNA probe, after receiving 950 pl of binding buffer 

A, was l o W  into the columa. The sample was dowed to flow through the column by 

gtavity to maximiIe the binding of radioactive DNA to the resin. The column was then 

washed with 3 mi of binding buffer A. Finaily, 1 ml of high salt eluting buffer B was 

applied CO the column, flowing thmugh the min by p v i t y  and carrying the puified probe 

with it. 



(g) Hybridization: 

Hybridization solution consisted of prehybridization solution and the 32P-labelled 

DNA probe. Approximately 106 cpdd of the probe was used for hybridization. The 

probe was denatured at 100°C for 10 min. before it was added into the prehybridization 

solution. Hybridization was carried out under the same condition as prehybridization. 

(h) Membrane washing and autoradiography: 

The membranes were washed twice (15 min. eacb tirne) at room temperature in 2X 

SSC with gentle shaking. For low-struigency screening, the membranes were then 

subjected to washing twice (30 min. each the )  at 5S°C in a solution of 2X SSC and 1% 

SDS with gentle agitation. For high-stringency washing, membranes were washed twice 

(30 min. each time) at 65OC in a solution of O.1X SSC and 0.1% SDS with vigorous 

agitation. 

At the end of the washing period, the membranes were quickly placed on S a m  

wrap. Old sequencing reactions were used to label the three holes on each membrane. The 

membranes were then immediately wrapped with Sam wrap and subjected to 

autoradiography. After one ovemight exposure, positive signals were revealed on the X- 

ray film. 

(i) Membrane stripping: 

After obtaining positive clones fiom low-stringency screening, it was necessary to 

wash off the signals completely so ihat the same membranes could be subjected to hi&- 

stringency screening. The membranes were first agitated in 0.4 N NaOH at 42OC for 30 

min., followed by a second agitation which was a neuttalization process at 42°C for 30 

min. in a solution of O.IX SSC, 0.1% SDS, and 0.2 M Tris-HCI (pH 7.5). The 

membraaes were exposeci to X-ray films to check the rernoval of radioactive signals. 



Q) Secondary and tertiary screeniags: 

&ce positive clones were obtained fiom the primary screening, secondary 

screening was necessary for the isolation of pure phage plaques. It was also essential to 

verify the validity of the positive clones picked fiom the primary plates. The X-ray film 

was lined up undemeath the corresponding plate by aügning the three signals on the film 

marked by the sequencing reaction with the three holes poked through the plate. Signals of 

interest were picked fiom the primary plates using sterilized Pasteur pipettes plugging into 

the plaques. Each phage plaque was placed into a microcentrifuge tube containhg 1 ml SM 

buffer and a drop of chioroform. The tube was gently s h a h  at room temperature for at 

least 1 hr so that the phage was released from the agar. Several dilutions (10-~, LO", IO4, 

104 were made from the original phage stock using SM buffer. The purpose of the 

dilution was to decrease the density of phage plaques on each plate so that a well isolated 

pure phage plaque canying the homologous sequence as the radiolabelleci probe couid be 

obtained. From each of the dilutions, 1 pl was taken to infect 250 pl of prepared host cells 

(O.D., of 0.5). At the end of the 15 min. 37OC adsorption incubation, 3.5 ml of top agar 

was added and the ceUs were plated onto a small (80 mm) NZY agar plate prewarmed at 

37°C. After an ovemight incubation at 37OC, plates with proper phage densities were 

subjected to the same screening procedure as the primary low-stringency screenhg 

including membrane lifting, prehybridization, hybridization, washing, and 

autoradiograp hy . 

Once positive signals appeared on the secondary autoradiographs, if the appropriate 

plaques were not weîl isolated from their surrounding ones, a tertiary screening was 

performed. The secondary plates were aligned to the corresponding films, and plaques 

were carefbily picked. AAcr phage diffusion out of the aga, several dilutions were made 

 IO-^, 104, IO-) fiom the secondary phage stocks. The diJutions were plated, and the 

subsequent prucedures were carried out as described for the secondary screening. The 



same round of screening could be perfomed again until well isolated pure positive plaques 

were obtained. 

2.2 In vivo DNA excision from the cDNA library 

Mer the positive plaques were isolated on the plates, the phage plaques were cored 

from the aga. plate and transferred into sterile microcentrifuge tubes each containing 500 pl 

of SM buffer and 20 pl of chloroform. The tubes were vortexed well to initiate the 

reieasing of phage particles into the SM buffer, and were stored at rmm temperature for at 

lest  2 hr. These phage stocks were stable at 4OC for up to 1 year. 

Cultures of XL1-Blue MRF' ceils for phage infection and XLOLR ceils for 

transfomation were incubated ovemight at 50 rprn, 30°C in 50 ml LB broth. Dilutions 

were made for both ceil cultures by using 0.5 mi of the ovemight cultures and 50 ml of LB 

broth. The dilutions were incubated at 250 rpm, 37OC. The XLI-Blue MRF' ceils were 

gentiy spun down at lOOOxg for 5 min. after 2.5 hr incubation (approximate O.D., 

reading of 0.35). The ceils were resuspended in 10 mM rnagnesium sulfate to obtain an 

O.D., of about 1.0 for singleclone excision. In a 50 ml Falcon tube, 250 pi of the 

phage-of-interest stock (containinpl x ~d phage particles) was combined with 2ûO pl of 

XL1-Blue MRF' celis at an O.D., of 1.0 and 1 pl of the ExAssist helper phage (> 1 x 106 

pWpl). The tube was then incubated at 37OC for 15 min. Fust. After an addition of 3 ml 

of LB broth, the tube was again incubated for 2.5 hr at 37°C with shaking at 250 rpm. 

Subsequently, the tube was heated at 70°C for 15 min. to kill the E. coli cells, and then 

spun at 4 0 x g  for 15 min. The supernataats, containing the excised pBK-CMV 

phagemici, packaged as nlamentous phage particles, were decanteû Uito another Falcon 

tube. Tbis stock was then stored at 4°C. 

The XLOLR cells were ailowed to grow before they reached an O.D., of 1.0. To 

plate the excised phagemids, 200 pi of freshly cuîtured XUlLR ceUs were added to two 

1.5-ml microcentrifuge tubes. Then 50 pi of the phage stock was added to one tube and 5 



pl to the other tube. Both tubes were incubated at 37OC for 15 min. After addition of 3 0  

pl of LB broth, the tubes were M e r  incubated at 37OC for 45 min. At the end of the 

incubation, 200 pl h m  each microcentrifuge tube was plated on LB-kanamycin (50 pg/d) 

agar plates. The plates were incubated ovemight at 37OC. 

2.3 Polymerase cbain reaction (PCR) amplification of schizophrenia 

gewmic DNA 

Two sets of degenerate oligonucleotide primers were constructed. One was 

designed based on the highly conserved regions of the TM6 and TM7 domains of the 

human D2-like family. They were named as IQ1 (TM6 primer) and 142 (TM7 primer). 

which have the sequences as foiiows: 

IQ i : 5' -T(CIG)TGCTGG(AIC)(T/C)GCCClTCTT-3' 

1 5'-GGCGCT(A/G)TT(GIC)ACGTAGCCCAGCCA-3' 

The other pair was dso made based on the TM6 and TM7 region of dopamine D,, D,, D, 

receptor and human serotonin S,,, S, receptor families. The sequences for the primers, 

designated as hTMo-deg and hTM7deg. are as foiiows: 

hTM6-deg: 5'-T(GIC)TGCTGG(NC)(C/T)(GIC)CC(CIA)TT(UT)T-3' 

hTM7-deg: 5 ' - ( T I A ) ( G I A ) I T ( G I c r r ) ( A / G ) ( C / A ) ( G / A ) T A ~ '  

Approximately 200 ng of schizophrenia genomic DNA was used for amplification 

in the presence of 1 .O pg each of IQ1 and IQ2 primers, 10 pi of DMSO (10% of total 

reaction), 20 fl of 5X buffer, 10 mM àNTP's, and 1 U of Taq polymerase enzyme. Totai 

reaction of 100 pl was subjected to PCR cycles (Perkui-Elmer-9600) with initiai 2 min. of 

heating at 94 O C  foiiowed by 30 cycles each consisted of 30 sec denaturation at 93 OC, 1 

min. annehg  at 45 O C  (or 50 OC. 55 O C )  and 2 min. extension at 72 O C .  At the end of the 

cycles, M e r  7 min. of extension at 72 O C  was carded out before the product was 

analy zed. 



About 300 ng of the schizophrenia genomic DNA was subjected to 40 PCR cycles 

using 1.0 pg each of the hTM6-deg and hTMirdeg primers, 1U of Taq polymerase, 10 pl 

JX buffer, 5 pi DMSO, 10 mM clNTP's (dATP, d m ,  dCTP, dGTP) in a total of 48 pl 

teaction volume. Reaction was carried out with a "hot start" for 4 min. at 9S°C, and 

addition of 2 pl of 10 mM d N I P ' s  initiated the cycles. Each cycle consisted of 30 sec 

denaturation of the double-stranded DNA at 94OC, amealiag at 52°C for 30 sec and 

extension for 1 min. at 72°C. The 1st  cycle was followed by a 7 min. extension at 72°C. 

2.4 Subcloning of PCR fragments into plasmid vectors 

(a) Electrophoresis of the PCR products and band extraction: 

The PCR products were nui on a regular 1.4% agarose gel. Amplified DNA bands 

of approximately 100 bp were excised from the gel and subjected to extraction. The gel 

slice was placed ont0 a filter inside a purification rnicrocentrihige tube from Costar. The 

flter divides the tube into the top and bottom compartments. Enough amount of d d q 0  

(about 150 pl for one gel slice) was added to cover the gel slice on top of the filter. The 

tube was centrifuged at 1 3 0 x g  for 3 min. Amplified DNAs were spun out of the gel, 

filtered, and purified into the bottom cornpartment of the tube. The filter with other trapped 

PCR reagents was discarded. 

(b) Ligation and transformation: 

By using the Onginal TA Cloning kit, the purified PCR products could be directiy 

inserted into a plasmid vector ~ c R ~ I I  in one step. The quick cloning strategy is based on 

a PCR reaction artif't. Taq polymerase used in PCR reaction has a nontemplate- 

dependent activity which adds a single deoxyadenosine (A) to the 3' ends of PCR product. 

The linearizeà vector supplied in the TA cloning kit has single 3' deoxythymidine O 

residues. This allows PCR inserts to ligaîe efficiently with the vector. The vector is 

modifiecl at the unique EcoRI site during preparation of  CR^ IL The inseited PCR 



product is flaaked on each side by EcoRI sites. The vector also has both the ampicillin 

resistance gene wbich can be used for colony selection and maintenance in E.coli, aad the 

Lac% fragment gew for blue-white screening. 

Overall, the ligation reaction was the combination of 4 pl sterile water, 1 pl IOX 

iigation buffer, 2 pl vector (50 ng), 2 pl insert (about 10 ng), 1 pl T4 DNA ligase. The 

ligation mixture was stined weli and incubated oveniight at 14°C. The following day, the 

ligation tubes were briefly centrifbged and placed on ice. Vials of One shotm cells were 

thawed on ice and treated with 2 pl of OSM with gentle mixing. Subsequentiy , 10 

pl of the ligation mixture was added into the cells, and incubated on ice for 30 min. The 

cells were then heat shocked for exactiy 30 seconds at 42T, and immediately chilled on ice 

for 2 min.. Four hundred and fw pl of SOC medium was added into each via1 which was 

then subjected to shaking at 37°C. 225 rpm for exactly 1 hr. The vials of cells were then 

placed on ice and waiting for plating. Each transformation was plated onto an LB- 

ampicillin plate (50 pg/m.l) with 40 m g h l  X-gal. The plates were incubated at 37°C for at 

least 18 hr. until white colonies appeared. The plates were moved to 4°C for blue colonies 

to deveiop. 

2.5 Miniprepping of recombinant DNA 

Single white colonies were picked with sterile tips, and subjected to overnight 

inoculation in 3 ml of LB broth with 100 pg/d ampiciilin at 37OC, 225 rpm. 

A modified aikaline lysis method (first introduced by Bhboim and Doly, 1979) 

was used to purifjr the plasmid DNA. The overnight cultures were spun at 13000g for 1 

min. to peilet the ceils. The cells were immediately placed on ice, and resuspended in 200 

pi of STET (O. 1 M NaCl; 10 mM Tris, pH 8.0; 1 mM EDTA; 5% Triton X-100). The celis 

were then treated with 20 pi of 10 m g / d  lysozyme (in 10 rnM Tris, pH 8.0) with thorough 

&g. The bactexid ceils were ailowed to incubate for exactly 30 seconds at laO°C to 

lyse. Subsequently, the tubes containing lysed cells were centrifugai at 14000 g for 10 



min. to precipitaîe the chrornosod DNA, protein complex, and high molecular weight 

RNA. The supematants containing the plasmid DNA were treated with 500 @ of cold 

absolute EtOH, and stored at -70°C for 30 min. The DNA was pelleted by centrifugation at 

14000g, 4OC for 15 min. The DNA pellets were dried and resuspended in 30 pi of d-. 

Before proceeding to the analysis of the DNA sequence, the DNA samples from the 

plasmid preparation were diagnosed by restriction enzyme digestion to determine the sue of 

the inserts. EcoRI was used to excise the PCR inserts out of the ~ C R ~ I I  vector in a 10 pl 

reaction volume including: 3 pl DNA sample, 1 p.l 10X reaction buffer, 1 pl Nase, 0.5 pl 

EcoRI. The digestion was carried out at 37°C for 1 hr. The reaction was electrophoresed 

on a 1% agarose gel. The miniprep samples with proper insert size (100 bp) were 

subjected to sequencing. 

2.6 Determination of nucleotide sequences 

To further analyze the PCR fragments, namely to idenufy if any of hem share 

amiw acid homolgy to the existing dopamine receptors, the DNA fragments were 

sequenced. Sequencing was c&ed out using the Sanger dideoxy tesmination method 

(Sanger, 1977). 

(a) Denaturation of double-stranded plasmid DNA: 

About 3 pg of the purifed double-stranded plasmid DNA was treated with 2 pl of 2 

M NaOH and 2 mM EDTA in total volume of 20 pi  for 5 min. at rmxn temperature. 

Aikaline-dena~ued DNA was neuaaüzed and precipitated by addition of 3 pl of 3 M 

sodium acetate (pH 4.9) and 75 pl of absolute EtOH foîiowed by vigorous mixing and 15 

min. incubation at -70°C. The DNA spun down at 14000 rpm, 4°C for 15 min. The pellet 

was washed with 75 jU of 70% cold EtOH, dried, and resuspended in 7 pl of sterile 

ddK0. 



(b) Chain-termination DNA sequencing: 

It was anticipated tbat the novel dopamine receptor clone codd share high 

nucleotide homology to the D2-like receptors. In fact, D,-Wre receptor clones carry highly 

GC-rich sequences. Hence, the Sequenase Version 2.0 DNA Sequencing Kit was used in 

combination with the 7-deaza dGTP mixture which was to reduce compressions that occur 

often when GC-rich sequences are electrophoresed. 

The primer annealing mixture was made up of 7 pi of denatured DNA, 2 pl of 5X 

Sequenase buffer, and 1 pl (10 ng) of sequencing vector primes (T71SP6). While the 

annealing reaction was proceeding at 37OC for 15 min., labelling mixture and termination 

mixture were prepared. Labelling master mixture, which was prepared on ice with 1pl 

O. 1M DIT, 2 p l  of 1X 7-deaza dGTP Mixture (1.5 phd 7-deaza dGTP, 1.5 pM dCTP, 1.5 

pM dTTP) and 0.5 @ of [ a - 3 5 ~ ] d ~ ~ ~ ,  was rnixed with 2pl(3U) of sequenase which was 

diluted 8X from the original Sequenase Version 2.0 with dilution buffer. From each of the 

four dideoxynucleotide termination mixtures (ddATP, d d m ,  ddCTP and ddGTP), 2.5 pl 

was taken and transferred into the prelabelled tubes at room temperature. After 15 min. of 

template-primer annealing reaction, the reaction tube was centrifuged briefly to spin down 

the condensate, and 3.5 pi of the labelhg master mixture was added into the tube and 

incubated at room temperature for 2 min. To terminate the DNA synthesis and labeUing 

process, 5.5 pl of labehg reaction was msferred into each of the tennination niixtwe 

tube, and the tubes were incubated at 37OC for 5 min. Termination reaction was stopped by 

the addition of 4 pl of stop solution containing 95% formamide, 20 mM EDTA, 0.05% 

bromophenol blue and 0.05% xylene cyan01 FF. The samples were stored at -20°C before 

electrophoresis. 

(c) Electrophoresis and autoradiography: 

A 6% polyacryIami& gel, composed of 50 ml of 6% qlamide  gel mixture and 

0.1% ammonium persulfate, was poured at least 3 hr. (for complete polymerization) before 



it was used. The gel was p ~ e m  on a sequencing gel apparatus at 70V for at least 30 min. 

The samples were denatured at 75°C for 3 min. and placed on ice. The samples were 

loaded on the gel in the order of A, T, C, G for each sequencing reaction. The gel was 

normally taken off afler ninniag for 2.5 hr at 55W. and transferred onto a piece of 

Whatmaa 3MM blotting paper. The gel was covercd by Saran wrap and dried in a Bio-rad 

mode1 583 gel dryer at 80°C for 90 min. The dried gel was then subjected to ovemight 

autoradiography at rmrn temperature. 

The sequences read @NA and Protein Sequence Analysis Digitizer) from the 

autoradiographs were sent to the GeneBaak. Clones carrying sequences that could 

possibly code for G protein-coupled receptors were picked for hrther analysis. 

2.7 Screening of Human Genornic Library 

Novel DNA sequences bearing similar structures to G protein-coupled receptors. 

isolated from the PCR amplification, were used as probes to screen a human genomic 

library. 

(a) Library titering: 

To check the size of the iibrary, several dilutions were made h m  the stock library 

using SM buffer: IOOX, 1,0ûûX, IO,OûûX, lûû,OOOX dilutions. One pi from each phage 

dilution was used to infect 250 ~1 of host K802 cens whose O.D., reading was about 

O.S. The cells were plated on mal1 NZY plates in the same way as the cDNA Library 

plating described in section 2.1. After ovemight incubation of the plates at 37°C. a number 

of plaques were counted, and the titer of the library was determined to be 4 x 10' pfu/ml. 

Hence, the original library was diluted lûûX, and 1.25 pl was taken nom the dilution for 

library plating (5 x lO'pfWp1ate). 



(b) Libnry plating and membrane lifting: 

Preparation of the host ceil K802, phage adsorption onto the host bacteria, i i b y  

platiag and membrane lifting process were the same as that of the primary cDNA iibrary 

screening described in section 2.1. 

(c) Prehybridization, preparation of DNA probe, hybridization, was hing 

and autoradiography: 

Hybriduation screening was camied out under high-stringency condition, since the 

purpose of the screening was to pick up sequences which wouid completeiy hybridize with 

the probe. Hence, the whole screening process including: prehybridization, hybridization, 

washing, and autoradiography done under the same conditions as that of die cDNA iibrary 

high-stringency screening described in section 2.1. The prehybridization solution was 

made up of 50% formamide, IX Denhard's solution. 3X SSC, 100 mM sodium phosphate 

(pH &O), 0.1 % glycine, 150 pg/ml denatured sairnon spem DNA. The hybridization 

solution was the combination of prehybridization solution and 10% dextran sulfate together 

with the denatured [a-32~]dCTP labelleci DNA probe. 

Endonuclease Ec0R.i was used to digest the prepared plasmid DNA. The 100 bp 

DNA fragment was separated h m  the pCRTM II vector by electrophoresis on a 1.4% 

agarose gel. The subsequent DNA pdcation, raâiolabelling and elution processes were 

the same as the one introduced in the cDNA library xreening, section 2.1. 

(d) Secondsry and tertiary screening: 

Positive signals obtained h m  primat- screening were purified thrwgh M e r  

secondary and tertiary screenings. The appropriate plaques were cored out of the primary 

plates, and phced in 1 ml of SM buffer and 1 drop of chiorofom. AAer the phages 

diffused out of the agar, dilutions were made h m  the stock. From each of the three 

dilutions (IO-', IO", IO''), 1 jti was used for plating. The subsequent steps up to the 



isolation of pure plaques was the same as the ones carried out during the cDNA Iibrary 

screening. 

2.8 Excision of DNA from bacteriophage lambda in human genomic library 

Purified clones need to be excised out of the phage amis for m e r  analysis. This 

was done according to a simple extraction protoc01 (Dario, 1987). A culture of the host 

bacteria strain K802 ceUs was inoculated in 50 ml LB broth with 0.4% maltose for 5 hr. at 

200 rpm, 37°C. The appropriate phage plaques were cored fiom the agar plates and placed 

into 50 ml Falcon tubes coniaining 200 pl of the fieshly cuitured Kg02 celis and 300 of 

adsorption buffer (10 mM MgC1, and 10 mM CaClJ. The tubes were incubated at 37°C 

for 10 min.. and 10 ml LB broth containhg 10 mM MgCI, and O. 1% glucose was added. 

The tubes were then shaken ovemight at 225 rpm. 37OC. with the caps in the half-open 

position. 

The following day, the tubes were centrifuged at 5000 rpm for 10 min. to pellet the 

bacterial debns. The supernatants were cenmged in a SW41 rotor at 30,000 rpm for 35 

min. at 4°C. The pellets were then resuspenâed in 200 pi of SM buffer, and transferred to 

1.5 ml microcentrifuge tubes. A solution of 1 mglrnl proteinase K in SM was made 

immediately before use. 200 pi of proteinase K was added to each phage suspension. 

This was incubated for 2 hr at 37°C. 

The digests were extracted once with about 400 pl of phenol and once with 400 pi 

of chloroform. The DNA was then precipitated at -20°C for 30 min. with 100 pI of 7.5 M 

ammonium acetate and 1 ml of 100% EtOH. The DNA precipitates were centrifuged for 15 

min. at 14,000 rpm, washed with 75% EtOH, air-dried, and dissolved in 100 pl TE buffer. 

This DNA stock was stable at -20°C. 



2.9 PCR ampliIication of hybridizing phage DNA 

After the isolation of DNA clones h m  the phage library, a set of specific 

oligonucleoti& primers were synthesized to diagnose the clones by PCR amplification. 

The primers were based on sequences of the TM 6 and TM 7 regions of the 5-TH, clone 

and the 5-HT,, S-HT, pseudo PCR fragments. In cornparison to the 5-HT, clone, a 

deletion of a serine residue was present in the TM 6 domain of both the 5-HT, and 5-HT,, 

pseudo PCR fragments. The 5' oligo primer was then designed to include this deletion, 

therefore optimizing the exclusion of 5-HT, clones. The two oligonucleotides were: 

1 .TM6-mini 10: 5' -GCCATiTI'TCCTCCTGA-3 ' 

2.W-mini 10: 5'-TGGAAATATCCTCTCCAC-3' 

The PCR reaction was started out in a total volume of 49.5 pl, which included: 5 pl of 

Perkin Elmer 10X buffer, 1 pl of each oligonucleotide, 0.5 pl of phage DNA, 2 pl of 

dNTP (IO mM), 5 pi of DMSO, and 35 pi of ddH,O. 0.5 pl of Taq polymerase enzyme 

was added into the reaction after 2 min. hot start at 94°C. Subsequent 35 cycles were 

carried out, each started with 30 sec DNA denaturation at 94°C. and then 30 sec annealhg 

at 55OC, and, lastly. 30 sec extension at 72OC. The fuial cycle was foliowed by a 7 min. 

extension at 72°C. 

The reaction was run on a 1.446 agarose gel. Two sets of specific DNA bands, 

about 100 bp and 600 bp for different clones, were excised out of the gel, and puriFied 

using the centrifugation method from Costar. After subcloning and transformation by 

using the TA cloning kit, colonies were picked and minipreps were performed. 

Sequencing was done by using the vector pcimers (T7lSP6). Clones carrying the serotonin 

pseudo IHT,, sequence were identified. 

2.10 Random restriction enzyme digestion of genomic DNA clones 

It was necessazy to cut the identified yet lengthy genomic DNA clones into srnalier 

pieces so that the proper-shed DNA fragments, which hybridize the 100 bp probe. could 



be subcloned and sequenced. Five of the genomic DNA miniprep was subjected to 

random endonuclease digestion. In each digestion reaction, the total volume of 30 pl 

included: 5 p l  of the phage DNA miniprep, 3 pl RNase, 3 pl reaction buffer, 2 pl of an 

endonuclease enzyme and 17 pl of TE buffer. The digestion was carried out for 4 hr at 

37T, and electmphoresed on a 0.8% agarose gel at 20V ovemight. A picture was taken 

for the gel with a fluorescent d e r  placed on the side of the gel for future reference. 

2.11 Southern blot analysis 

(a) Nylon membrane blotting/transferring: 

To fmd out which DNA restriction fragment carried the homologous sequence of 

the radiolabelleci DNA probe for each clone, Southem blot analysis was performed 

(Southem, 1975). Mer  the DNA restriction fragments were well separated on an agarose 

gel, the gel was placed in a solution of 0.2 M NaOH and 0.6 M NaCl for 30 min. with 

gentle shaking. This process was to denature the DNA into single-stranded form. A glass 

plate was cleaned thoroughly and dried. A nylon membrane, 2 pieces of Whatrnan 3MM 

blotting paper were aü irimmed to the size of 14x10 cm. Afier denaturation, the gel was 

carefully placed upside down on the clean surface of the glas plate. The nylon membrane, 

which was pesoaked in d-O, was slowly placed on top of the gel without producing any 

bubbles in between them. Two pieces of the blotting paper were put on top of the nylon 

membrane one by one. Foliowing that, a stack of papa towels, a glass support, and a 

heavy weight were added on top of the blotting paper. This whole stack design was to 

maximize the transfer of the DNA fkom the gel ont0 the nylon membrane. The transfening 

process normally procceded for 3 hr or ovemight, dependhg on the percentage of the 

agarose gel. 

Afier the transfer was complete, holes were punched on the blot at the positions of 

the wells on the gel. The blot was neueaüzed in 2X SSC soiution for 5 min., and 

subjected to W crosslinking in a Stratalinker to fk the DNA on the membrane. The blot 



was Suan-wrapped immediately, and stored for later hybridization with a radiolabelled 

DNA probe. 

(b) Homologous screeninghybridization: 

Homologous screening of the Southem blot was used to probe the transferred 

nylon membrane with the same 32~labelled 100 bp DNA fragment that was used in the 

human genornic library screening, thereby identifying the probe-hybricüzing DNA 

fragments. The blot was prehybridized, hybridized, and washed under high-stringency 

conditions. Finaüy, the blot was exposed to an autoradiograph ovemight at -70°C. 

The DNA fragments hybridizing the probe were revealed as intense signal bands on 

the autoraàiograph of the Southem blot. The positions of the bands were verified fiom the 

corresponding agarose gel films. A DNA fragment present on the Southem blot X-ray nIm 

was chosen to be subcloned for each clone. 

Due to the difficulty of subcloning, more random endonuclease digestions of each 

purified clone and another Southem blotting were done. A smaller DNA fiagrnent was 

picked for each clone. 

2.12 Subcloning of phage DNA fragment and sequencing: 

Phage DNA digestions with endonucleases were done to reIease the chosen DNA 

fragments for subcloning. For the subcloning of the 5-THm pseudo clone, PvuII enzyme 

was used to digest both the excised phage DNA and the vector pBluescript II KS+/-. The 

digestion of phage DNA was done in 4 hr. The vector digestion was done in 1 hr, and it 

was subjected to dephosphorylation by addition of 3 pi of CIP buffer and 7 pi CIP enzyme 

followed by 40 min. incubation at 37°C. A 15 min. heat shock at 70°C terminated the 

dephosphorylation prwess. Both the treateâ vector and the digested phage DNA were 

electrophoresed on a reguiar 1.2% agame gel. The specific phage DNA band to be 

subcloned had a molecular size of 1.6 Kb. 'Iae DNA hgment and the linearized vector 



band were removed h m  the agarose gel and p&ed by using the Geneclean II Kit. The 

excised DNA band was placed in a microcentrifuge tube containing 300 pl of Nd. The 

tube was then incubated at 55°C for 5 min. to dissolve the agarose, and 5 pl of 

GLASSMILK suspension was added. After the tube was weU vortexed, it was placed on 

ice for 5 min. with vigorous mixing every 2 min. The GLASSMILK pllet was 

centrifuged d o m  at 14000g for 5 sec, and the Na1 supematant was transferred into another 

tube. The peilet was resuspended with NEW WASH solution and spun down three times. 

At last, the pellet was nsuspended in 20 pl of H,O, and the suspension was incubated at 

55°C for 3 min. The tube was centrifuged at 14000g for 1 min, and the supematant 

containing the p d e d  DNA was transferred into a new tube. 

After DNA pdication, a Ligation reaction was done. The arnount of purified DNA 

insert and the vector used in the reaction had a ratio of 4: 1. To start the reaction, 2 pl of the 

5X T4 Ligase buffer and 1 @ of the T4 DNA ligase were added. The reaction was mUed 

thoroughly and incubated at r o m  temperature for 24 hr before transformation. 

For transformation, 5 pl of each iigation reaction was carefully added into 100 pl of 

DlOB cornpetent ceils on ice. Afkr gently mixing, the cells were incubated on ice for 30 

min. The ceils were heat shocked at 42°C for exactly 2 min, and put on ice for 2 min. The 

cells were then moved to rmm temperature, 500 pl of LB broth was added, and the ceils 

were shaken at 225 rpm, 37°C for exactly 1 hr. Subsequently, 300 pi of ceils were plated 

onto a X-gal(40 mgmi) and ampicillin (50 mg/ml)-treated LB-agar plate and incubated at 

37°C for 18 hr for blue and white selection. Colonies were picked for each clone, and 

subsequent culture inocdation and mini-scale DNA preparation were camed out. 

Digestion, using RruII endonuclease on prepared DNAs, was done to check du presence 

and the size of the DNA inserts. Miniprepped DNA clones (with the proper shed inserts) 

were cleaned, âenatured, and sequenced with an interna1 primer that was based on the TM 

7 sequence obtained h m  the pnvious PCR clone. The sequence of the primer (7ABP) 



was: 5'-CïCïCCACCCACAGTG-3'. The rest of the insert sequence was obtained by 

sequencing with intemal primers and vector primers. 

A fetal brain cDNA library (Clontech) was screened under high-stringency 

conditions, using the same 100 bp PCR fiagrnent as a probe. The purpose of this 

screening was to obtain the exon sequence of this clone and to check the expression of this 

gene. A positive clone was isolated afier several rounds of purification screening. The 

cDNA was then excised out of the phage and subcloned into Bluescript +/- SK. Afkr 

successful transformation. miniprep and electrophoresis, it was shown on the agarose gel 

that this clone was about 1.3 kb long. Sequencing of this clone was subsequently carried 

out. This helped to complete the last 260 bp sequence of the clone at the 3' end before the 

stop codon. 



3.1 Hybridization screening of the schizophrenia caudate cDNA library 

A schizophrenia cDNA library (caudate nucleus) (created in a ZAP ~ x p r e s s ~ ~  

vector) was subjected to low-stringency hybridization for screening purposes. This was 

done using  NO "P-labelled DNA probes, A and B, which were human D,, cDNA 

Eragrnents of TM 1 to TM 3 domain, and human D2 cDNA fragments of TM 6 to TM 7, 

respectively. At the amino acid level, probe A of D,, fiagrnent shares about 52% 

homology to the corresponding regions of both human D2 and D3 sequences (Fig. 10a). 

Screening of the membrane-lifled Library with probe A under low-stringency, foilowed by 

probing with D,, 4 and D, whole length cDNAs under high-strigency, was not 

successfid. Not a single positive signal was obtained. 

Probe B, the human 4 fragment, sbares 74% and 60% amino acid sequence 

homology to the 4 and D,sequences from TM 6 to TM 7, respectively (Fig. lob). Af'ter 

probing the library with probe B under low-stringency conditions, the same membrane- 

lifted library was probed with radiolabeiled 4 whole-length cDNA under high-stringency 

conditions. Signais showing up on the low-stringency autoradiographs but not reappearing 

on the hi@- stringency fW were identified. Three plaques, named 4-69 Dr9, 4-10, 

were cored h m  the primary library plates for M e r  purification. Afbr a few rounds of 

additional screening with probe B under low-stringency conditions, a pure phage plaque of 

each hy bridiziag clone was obtained. Subsequently , the pBK-CMV phagmids, carry ing 

the appropriate DNA inserts, were excised h m  the ZAP ~ x p r e s s ~ ~  vector, using the 

ExAssist Helper phage and the transforming E. coli XLOLR shalli. The uaasformed cells 

were nxovered on the LB-kanamycin agar plate. Colonies of each clone wen picked, 

inoculateâ, and the pure DNA plasmids were harvested The plasmids were then subjected 

to restriction digestion, ushg endonuclease EcoRI and WoI to check the size of the 

hserts. Ail of the cDNA clones were about 1.6 kb in length. 



Fig. 100 Hunan D4.2 TM 1-3 amino acid sequence in cornparison to the comsponding 
region of human D2 and D3 protcins. Tbe shadd arca nprcstnts the cowrved midue 
among aü thne rcceptors. This W.2 fiamnt was used in tk low-saingency 
schizophrtnia cDNA library sacening as a prok, since it is weil conscmed among the D2- 
îike famiîy. 



Fig. lob Cornparison of wcii consemd TM 6 7  amino acid sequmces m g  the human 

D2-Wre ncepor family. Thc shaâed an0 n p m n t s  tbe coaservcd residue ambng ail three 

rcceptors. The sam fragment of M gene war radioIabt11ed to scrccn a schimphrcaia 

cDNA iibrary un&r low-stringcncy conditions. 



To i d e n a  the nucleotide structure of the cloned inseris, the Sanger dideoxy chah 

termination method was used to sequence these clones. Since the library was consmcted 

in the way that the cDNA strands were inserted hto the ZAP Express vector, in a sense 

orientation (EcoRI-XhoI) with respect to the LacZ promotor, the T7 primer (which is at the 

3' downstream of the cloning site) was used to sequence the inserts h m  their poly (dT) 

tail. It was found that the obtained sequences of the three clones dl camed the 3' end 

open-reading frame of the 4 cDNA. 

3.2 PCR from Schizophrenia genomic DNA 

(a) PCR using degenerate oligonucleotides IQ1& IQ2 (low degeneracy): 

The fmt set of degenerate oligonucleoti&s, IQ1 and IQ2, used to arnpiify sarnples 

of human schizophrenia genomic DNA were derived from the bghIy consemed regions of 

TM6 and TM7 of the human D,-iike dopamine receptor family (D,, 4, D, receptoa). The 

degeneracy of IQ 1 (TM6 primer) was 8, and that of IQ2 (TM7 primer) was 4. 

PCR products obtained from reactions with annealing temperatures of 4S°C, 5O0C, 

and 55°C were electrophoresed on an agarose gel as group A, B. and C, respectively. 

Discnte bands amund the size of 100 bp were detected with increasing visibility as the 

annealhg temperature was raised. DNA bands were isolated, purified, and subcloned into 

a pCRm II vector. Sufficient number of transformants were obtained for each extracteci 

band on a LB-ampicillin plate. Minipreps of pure DNA plasmich were performed after the 

inoculation of picked colonies. Subsequent restriction EcoRI degestion of the plasmids 

reveded that alî the inserts had a size of 100 bp. 

Sanger dideoxy chain termination sequencing was carried out to sequence the 100 

bp inserts with the vector primem. T7 and SP6. The nucleotide sequences and the deduced 

amino acid sequences were analyzed using the Genebank systern. Among all the identifid 

sequences, group A showed the most nonspecific clones. In total, of 41 analyzeû clones 

h m  group A, 78% were nonspecific and about 10% were 4 clones. In addition, 5% 



were 4 clones, 2% were 5-WlA clones and 5% were $2-adrenoceptor clones. As the 

annealing temperature increased. the number of nonspecific clones decreased. At 50°C 

annealing temperature, among 32 clones analyzed in group B, 50% were nonspecific 

unknown sequences aad the rest of the clones were exclusively D2-Lü(e f d y  members 

(28% were D2 clones. 198 were D3, and 6% were W clones). When the annealing 

tempeme reached SOC, the nonspecific clones were only 23% of the group C clones and 

both D2 and D3 clones identified increased 10% while D4 clones increased 3% (Table 4). 

(b) PCR using degenerate oligonucleotides hTM6-deg & hTM7-deg (high 

degeneracy ) : 

A second set of degenetate oligo primers were designed based on the highly 

conserved TM6 and TM7 amino acid sequences of human D2-Like dopamine receptors and 

serotonin 5-HT', and 5-HT, receptors (Fig. 1 1). PCR amplification was carried out at an 

annealing temperature of 52°C. Electrophoresed PCR prducis revealed clear 100 bp band 

with a smear of higher molecular weight DNAs ranging fiom 200 bp to 600 bp (Fig. 12). 

Only the 100 bp DNA band was purified from the gel, and it was subcloned using the TA 

clonhg method. About 90 transfonned colonies on LB-ampicillin plates were pic ked, 

inoculated, and DNA plasmid miniprepping were subsequently done. To veri@ the size of 

the cloned inserts, plasmid restriction enzyme @CORI) digestion was done, coafirming the 

size of about LOO bp. 

Subscquently, plasmids carrying the cloned DNA inserts were sequenced, using the 

Sanger dideoxy chah termination method. Two vector primers, T7 and SP6, were applied 

to sequence both strands of the DNA insert. 

Among ail the clones sequenced, nonspecitic clones were 13% pable 5). The 

percentage of clones that were identified as one of the known human dopadue receptors 

were as follows: 11% D,, 22% D,, 7% D,, and 4% D,. hterestingly, the clones 

recognized as serotoain receptor sequences were aü 5-Hl',, receptors which comprised 



Tabk 4 Numbcr of various clones amplined from tbe PCR reaction using schizophrtnia 
gcnomic DNA and dcgcucrate oligonuclcotides (IQ1 and IQ2) et thne diffaent 
anneaüng temperatmu. AU the PCR d o n s  w m  dom in the prwence of 
DMSO. 

from amplif. OC O O C  

02 4 9 
03  2 6 
04  O 2 

5-Hf 1 A 1 O 
Beta-2 2 O 

Nonspeciflc 32 32 



Fig. 1 1 The conserwd TM67 region of human D2-like reccptors, serotonine 5-HT5a and 
5 - H n  receptors are illusaated. Homologies among the five receptors are noted by 

shaâhg. Degeaerate oligonuc~eotiûes wen designed based on these conserved regions 
(shaded regioas) to incmase the searchg field of the novel dopamine receptor during PCR 
cloniag. The two anows indicate the s tan  and the end of the TM6-7 zone. 



Tabk 5 Results of PCR amplification using schizopbrenia genomic DNA and degenerate 
oiig011uc1totidcs (hTM6-deg and hTM7deg) ai anaeaüng temperature of 52 OC. 
The =action was done in the pnsence of DMSO. 

total cjones (%) 



Fig. 12 PCR amplification using the two high-degeneracy oligonucleotides, hTMddeg 
and hTM'l-deg. Schizophnnia genomic DNA sample (about 300 ng, obtained from Mt. 
Sinia Hospitai, Toronto) was amplined: lane 1, with DMSO; lane2, without DMSO. Notice 
the amplified 100 bp DNA which was subjected to further subcloning. The PCR products 
were electmphoresed in 1.4% agarose and stained w ith ethidiurn bromide. 



20% of al1 the clones. Neither a 5-HTSA or a 5-m, receptor sequence was identified. 

However, the novel sequence of PCR15, which was 4% of the totai clones, was identified 

as a putative 5-ml-like clone. This nucleotide sequence shared 86% bomology with that 

of the correspondhg TM 6 to TM 7 region of the 5-HT, receptor. The deduced protein 

fiagrnent matched the 5-HT, amino acid in-fnrme sequence by 78%. PCRlS was, 

therefore, proposed to be 5-IfT,. A second putative 5-HI',-like sequence named PCR29, 

which was 18% of the total clones, was recovered afler sequence analysis. This same 

sequence has been previously picked up from a similar PCR amplification of human 

genomic DNA by a colleague in the lab. It shared 87% nucleotiàe homology to the 5-HT, 

sequence of TM6 to TM7 region, 99% homology to that of the 5-HTTB. The deduced 

amino acid sequence, in cornparison to that of the human 5-HT,, nvealed one senne 

residue deletion, one fhme shift due to an addition of one nucleotide, resulting in two 

different amino acids fiom the change in three base pairs of nucleotides (Fig. 13). Based 

on the preliminary data, PCR29 was named as 5-HT,,-pseudo. 

3.3 Hybridization screening of human genomic DNA 

Initial identification of the two putative 5-HT7-like DNA fragments provided probes 

for furthet cloning of the rest of the gene sequence, The 5-HTmpseudo gene fiagrnent 

(PCR29) and the 5-HT, hgment (PCR15) were both isolated fiom the plasmid vector 

and used to screen a human genomic library. 

(a) Library probing with radiolabelled 5-HT7B pseudo fragment, PCR29: 

Approximately 106 pfu's h m  the primary screening plates were liffed ont0 the 

nylon membranes, which were subjected to hybridization screening, using the 32~-labelled 

P m 9  probe under hi@-strhgency conditions. ûvernight-exposed (-70°C) 

autoradiographs nvealed six s m g  signals. They were named: PG3, PG6, PG 12, PG 1 5, 

Pû17, and PG20. The six phage plaques, carrying the comsponding hybridipag signals, 



Fig. 13 Sequence alignmcnt of clone PCR 15 (partiai sequence of the proposed 5-HT7b), 
PCR 29 (partial SeQUcnCt of the proposcd 5-Hï7ô pseudogene), and the TM67 ngiori of 
5-Hi7 gene. Thne nucleotide bases deletion (CTC), few base changes, and one base 
insertion an charactcristic for both of the new clones in cornparison to tk 5-HT7 
scquence. A further one-base deletion (O) in 5-HT7b distinguishes it fiom its pseudogene. 
Without this deletion, the pseudogene has an apparent fiameshift (PCR priming 
sequcnces an not shown hem). 



were purified through three rounds of sequential screening. In order to carry out DNA 

sequence analysis, minipreps of bacteriophage DNA were performed. 

(b) Library probing with radiolabelled 5-HT,, fragment, PCR15: 

For the initial primary screening, 1.5 x 106 ph's of the phage library were probed 

with the '*P-labelled S-HT,, fiagrnent under high-stringency conditions. After 16 hr of 

autoradiography (-70°C), two intense signals and five light signals were seen on the films. 

The conesponding seven phage plaques were cored out of the plates, and subsequent 

secondary screening was carried out. Only four of the seven plaques still maintained 

signals after the second round of screening. The four clones carrying the hybridizing 

signals were named: G5, G7.2, G7.5, G10, and were fmally isolated as pure plaques a k r  

additionai two rounds of screening process. Mini-scaie preparation of each phage DNA 

clone was done. 

3.4 PCR amplification of purified phage DNA clones hybridizing the 5 -  

HT7J3 pswdo fragment 

To identify a possible 5-HT,,-pseudogene from the five purïfied phage DNA 

clones, and also to exclude possible 5-HT7 clones from the population, the positive phage 

clones isolated from the genomic library screening were subjected to PCR amplification at 

an anneaüng temperature of 55°C (using oligo primers TM6-minil0 and TM7-minilO). 

Mer electrophoresis of the PCR proâucts on an agarose gel, a clear 600 bp DNA band was 

evident f?om reactions of clone PG3, PGl5, PG 17. A smear of low molecular weight 

DNAs was also present, ranging fkom 100 to 300 bp. For each of the clones PG6, PG 12, 

and PG20, an intense DNA band of about 100 bp was evident among a smear of DNAs 

mging fiom 100 to 300 bp. It was anticipated that the 600 bp DNA bands and the 100 bp 

bands were ~presentatives of two distinct populations. Subsequently, the two sets of 



Fig. 14 Analysis of p W e d  genomic cloaes, which hybridized to the radioiabeiled DNA 
nagrnent (clone PCR29, partial sequence of proposed 5-HT7b pseudogene), by PCR. 
Two oligonucleotides which are completely homologous to the TM6 and TM7 regions of 
the 5-HT7b and its pseudogene were used: clone PG3, PG 15, and PG17 had an amplified 
band of about 600 bp; yet clone PG6, PG12, and PG20 showed a different amplined band 
of about 100 bp. The PCR products were electrophoresed in 1.4% agarose and stained 
with ethidium bromide. 



DNA fragments (600 bp and 100 bp) of the comsponding clones were purified and 

subcloned into a pCRTM II vector (Fig. 14). 

Sanger dideoxy chah termination sequencing of the fragment for each clone 

revealed DNA sequences belonging to two different gene populations: 5-HT7 and the 

presumed 5-HT7B-pseudo genes. Interestingly, the sequence of the 6 0  bp hgment of 

clones PG3, PG 15, and PG 17 (ampiified by the TM6 and TM7 oligo primea) started from 

the codon for the fmt amino acid residue foliowing the proposed TM 3 domain of the 5- 

H l 7  sequence, and it ended at the TM 7 primer region of the S-H'T"7 gene. Hence, clones 

PG3, PG15, and PG 17 (which hybridized with PCR 15) were concluded to be representing 

5-HT7 sequence. In this case. the interesthg 5' oligo primllig resulted in a longer PCR 

proàuct (600 bp) than it was expected. It was thought to be caused by randorn annealhg of 

the 5' oligo primer to the intron sequence, which is positioned right afier the putative TM3 

domain of the 5-Hl7 receptor gene. The other sequence population (the 100 bp fragment 

of clones Pû6, PG 12, and PG20) had 100% nucleotide homology to that of the identifid 

PCR15. Accordingly, clones PG6, PG 12, and PG20 were kept for m e r  identification 

of the Ml-length sequence of 5-IFMB-pseudo gene. 

3.5 Soutbern blot analysis 

(a) Southern blot analysis of pure genomic DNA clones isolated from 

library probing with radiolabelled PCR29: 

To be able to sequence the entire length of the 5-Hï7B-pseudo gene, the DNA 

fragment containhg the gene had to be isolated out of the genomic DNA library. 

The purified five phage DNA clones (containhg the PCR29-hybriâizing sequences) 

were subjected to random restriction e a y m  digestion. Clone PG3, PG6, PG12, PG 17, 

PG20 were randomly digested by endonucleases BamHI, XhoI, and SacI (separately). 

Clone15 was digested in eight different e a y m  nactions which were c h e d  out by: 

BamHI, mol, SacI, Hindm, EcoRI, EcoRV, M, and BgilI individually. Four hours 



of incubation were necessary to ensure the completeness of e m  digestion of phage 

DNAs. The DNA bands were then separated by electrophoresed ovemight on a 1.3% 

agamse gel at low voltage. 

Southem blotting was carried out for each clone. By comparing the autoradiograph 

of the Southem blot and the nIm of the DNA digestion, one DNA fragment was chosen to 

be subcloned for each clone. Specificaliy, for clones PG3, PG6. PG 1 5 and PG20, XhoI 

restriction fragments of 9kb, 1 lkb, 4.5kb, and 15kb were subjected to subcloning, 

respectively. Sac1 restriction fragments, sizes 7.5kb and 6.5kb, were selected for 

subcloning for clones PG 12 and PG 17, respectively . 
The clones were redigested with the selected enzymes, and fragments with the 

above indicated size were purifed for each clone. Although several ligation reactions of the 

plasmid vector pBluescript SIC+/- and each clone fiagrnent in a molar ratio of 1:4 were 

cmied out followed by transformation, the subcloning was not successful. Parallel PCR 

analysis of clones PG6, PG12, and PG20 identifid them as carrying the 5-HT7B-pseudo 

TM 6-TM 7 fragment (PCR29). Subsequently, the three clones were subjected to another 

round of Southem blot analysis to isolate a bener-sized DNA fragment for subcloning. 

Restriction enzyrnes (BarnHi, Hindm, EcoRI, EcoRV, XhoI, and PvuII) were 

used in six single enzyme digestions for each clone, and the DNA bands were weil 

separated on an agarose gel after overnight electrophoresis. Evidentiy the lengtbs of the 

three clones varied because their restriction hgmentation patterns were süghtly different. 

Clone PG6 had the most intensive DNA bands which reflected the best preparation of pun 

phage DNA. Southem bloaing was performed accordingly, and a RRuI restriction 

fragment of about 1.6 kb from clone PG6 was chosen for subcloaing (Fig. 15). 



Fig. 15 Southern blot analysis of purif~ed genomic clone PG6 from human genomic 
library scnening (Clontech) using clone PCR29 as a probe. Approximately 1.5 l g  of 
DNA was used for each enzyme digestion (enzymes are shown on top of the picturc). The 
blot was hybridued with the 32~-labelled 100 bp DNA kgment of proposed 5-Kï7b 
pseudogene (clone PCR.29) as described in the text, and exposed for 2 days at -70 OC to X- 
ray film with an intensifying screen. Size markers are shown to the left of the pictue. The 
hybridizing 1.6 kb band released nom PvuII digestion was chozen for subcloning. 



(b) Southern blot analysis of pure genomic DNA clones isolated from 

library probiag with radiolabelled PCRl5: 

It was necessary to isolate a DNA segment carrying the hybridiWng sequence from 

the cloned library in order to identifj the rest of the sequence of the 5-HT7B gene. Purified 

phage clones (GS, G7.2, G7.5, and G10) were aü digested by BamHI, HindIII, EcoRI, 

EcoRV, WoI, and PvuII individually. Electrophoresed DNA fiagments h m  each 

degested clone revealed similar patterns of EcoRV, XhoI and hruII restriction 

fragmentation. However, the BamHI, Hindm and EcoRI digestion products of each clone 

showed quite different restriction fragmentation. Southern blotting was performed to 

identify the DNA fragments containhg the homologous sequence of 5-HT7B probe. Two 

DNA fragments of 1.7 and 4.0 kb, which were both released from XhoI digestion of clone 

G5 and G7.2, respectively, were weIl revealed on the Southem blot autoradiographs and 

waiting to be subcloned (Fig. 16). Under Hindm restriction fragmentation of clone G7.5, 

a 3 kb DNA h p e n t  was shown after autoradiography of the Southem blot. 

Furthermore, a 3 kb fragment of clone G10 (resulting from EcoRI digestion) was identified 

carrying sequences hybridizing the 5-HT7B probe. Hence, the two 3 kb DNA fragments 

were chosen to be subcloned for M e r  analysis of clone G7.5 and G10 (Fig. 17). At the 

present stage, the four positive clones have not yet to be subcloned and sequenced. Further 

analysis of the clones may reveal the sequence of the putative S-HT7b gene. 

3.6 Sequence analysis of clone PG6 

Clone PG6, obtained h m  the Southem blot analysis of positive genomic DNA 

signal, was subcloned iato Bluescript SIC+/- and transformeci into E. coli ceiis. The 

proâucts of endonuclease RRuI digestion were electrophoresed on an agarose gel. The 

subcloned DNA was indeed about 1.6 kb. This clone revealed a nucleotide structure of 

1066 bp which sbared high homology with 86% ikntity to du 5 - H n  receptor gene 

starting h m  the encoded N-terminus to the putative TM6 region. However, PG6 has 



Fig. 16 Southem blot analysis of purined genomic clones from human genomic library 
scmning (Clontech) using clone PCRlS as a probe: top, clone G5; bottom, clone G7.2. 
About 1.5 pg of DNA was used for individual enzyme digestion. For G5 digestion, panel 
i (BamHI), 2 (HindIII), 3 (EcoRI), 4 (EcoRV), 5 (XhoI). 6 (RyII). For G7.2 digestion, 
panel 1 (PvuIZ), 2 (XhoI), 3 (EcoRV), 4 (EcoRV), 5 (HindIIi), 6 (BarnKi). The Mots 
were hybridized with the 32~-lsbekd 1 0  bp DNA f'ragmeat of proposed 5-HT7b gene 

(clone PCR15) as descriid in the text. Ske marken arc shown to the left of the blots. 



Fig. 17 Southern blot analysis of purified genomic clones from human genomic iibrary 
screening (Clontech) using clone PCRIS as a probe: top. clone G7.5; bottom, clone G 10. 

About 1.5 pg of DNA was used for individual enzyme digestion. For clone digestion, 
panel 1 (BamIiT), 2 (Hindm:), 3 (EcoRI), 4 (EcoRV). 5 (XhoI), 6 (PvuII). The blots were 
hybndized with the 32~-labelled 100 bp DNA fiagrnent of proposed S-Hï"7b gene (clone 
PCRIS) as descnkd in the text. Size markers are shown to the kft of the blots. 



multiple nucleotide deletions and insertions. There is a sûeich of "ûC" nucleotide repeats 

inserted at the putative N-terminus of the gene. Most noticeably, the Won which 

interrupts the coding sequence of 5-HT"7 gene was not present in PG6 at the same position. 

The deduced amino acid sequence exhibited 85% homology to the 5-HT7 receptor protein 

with six hydrophobic domains pnsumably comsponding to the putative TM14 domains 

of the 5-IfI7 gene. Therefore, PG6 was determined to represent a member of the Gprotein 

linked family. A putative initiation codon for methionine was recognized with a 

characteristic Kozak sequence for optimal initiation by eukaryotic ribosomes at the 

beginning of the sequence. The amho acid sequence of PG6 was fuiished shortly after the 

putative TM6 domain. 

3.7 Sequence analysis of fetal brain cDNA clone D-1 

Positive clone D- 1, obtained h m  fetal brain cDNA Library screening using PCR29 

as a probe, was 1.3 Kb. Sequence analysis indicated that it carried a sequence of 260 bp 

which shares 94% homology to regions of the 5-HT7 gene conespondhg to the 5' end of 

the third intracellular loop and the 3' end of the gene. The sequence from the beginning of 

the 5' end to the putative TM6 domain was lûûI  identical to the overlapping region of 

clone PG6. Hence, D- 1 was a cDNA copy of the gene putatively represented by PG6. 

The rest of the 3' sequence, which was lacking in clone PG6, was therefore revealed by 

clone D-1. Multiple deletions were again detected, and t&e deduced amino acid sequence 

has 3 frame shifts, multiple amino acid residue substitutions with a stop codon at the end. 

3.8 Characterization of the putative gene PG6-Dl: 

The combination of clone PG6 and Dl (named PG6-Dl), obtained h m  screening 

a genomic DNA l i b w  and a fetal brain cDNA library, respectively, is a sequence of 1326 

bp in length (Fig. 18). Sequena cornparison, using Genebank, showed maximun 

homology of Poo-Dlto the 5-H"I'i gene with 88% identity (Fig. 19). There are multiple 



TA* ATC CCC ATG TOC QIC ATQ Cm lTC AT0 TAC T M  CAG ATT TAC MQ ûCC WC Arui  U A  

S A A W H ~ l P O F P R V E P D S ~ V ~  
A O C  ûCa W C  T M  CAC A û û  TTA CCT 0GC Tic CCT CQA ûTû ûA0 CCA GAC AûC 8 GTA GTC 
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A C C C M M T ~ A C A a t a M G ~  CAG - - - U G ~ a M ~ Q T a t ~ A u C  m E G A U  O n  

L L K ~ E R K ~ ~ I S ~ F K R ~ ~ K A A  
C t C C l C A A Q C A T û A A M i O A M A M  t ATCTCCATC m M Q C G C i A M c A a A M G C A û C Q  m 

Fig. 18 Ibe nuckatiée sequenu of the 5-HT7b pseudogeiie obtaimd h m  a human 
genomic iibraty and a fetal cDNA library were both screened using a 100 bp PCR fkagment 
(clone PCR29, see text). The probe was labeiled with [32~]dCT~ by the random priming 
meihod (Feinberg and Vogelstein, 1983). Filter hybridization was perfonned at 42 OC in a 
solution containing 50% formamide/lX Denhard'sBX SSCJlOOmM sodium 
phosphatelO.l% glycindl5ûpg pex mi of sonicateà salmon sperm DNA. The murs were 
washed at 65 O C  in 0.1X SSC containing 0.1% SDS and exposed at -70 OC to Kodak X- 
ray nIm in the presence of an intensifyiag screen ovemight. Boxed amino acids are 
different fiom those of 5437'7 (Bard et al., 1993). The aucleotide insertions are indicated 
by s m d  case letters, and deletions are indiateci by dashes. The fnune shifts caused by 
eikr insertions or deletions are indicated by arrows. The position of the seven 'IM 
regions, found in the 5-HT7 (discussed in Bard et al., 1993), m incücated by shaded 
horizontpl iines above the sequences. 



Fig. 19 Cornparison of the nucleotide sequence of the human 5-HT7 (midde, designated 
as 5-HT7) with the 5-HT7b pseudogene (bottom, designated as 5-Hï7b pseudo). The top 
is the comsponding amino acid sequence of the human 5-HT7. Only those nucleotiâes 
different in the pseudogene are shown. Nucleotidt deletions in the pseudogene are 
indicaicd by dashes. The dashes in the 5 - H n  sequence indicate the position wbere the 
pseudogene has insertions. The arrow indicates where the intron for 5-HT7 gene starts. 
The "STOP Ç' designated the residue position at which the pseudogene is truncated. The 
position of the seven TM regions, found in the 5-H'W, are indicated by shaded horizontal 
lines above the sequemes. 



nucleotide dele tions and insertions. Most importantly, this sequence is intronless within its 

open reading kame. Deduced amino acid sequence reveaIed putative seven hydrophobie 

domains indicating tbe nahue of -Dl as a G protein-coupled rnember. We compared 

the homology of Pû6-Dl to the D2-Like receptors within the TM region, their nucleotide 

identities ate: D2(40%), D3(42%), W(372). Clearly, the gene is a relative of the 5- 

Hï7receptor. However, the existence of 8 frame-shifts and a premature stop codon 

precluded the possibility of PG6Dl as a huictional receptor. It is, therefon, a 

pseudogene. As we have also obtained a clone PCR15 (putatively caiied 5-HTïb) which 

has an in-frarne amino acid sequence, sbaring the highest homology among TM 6-7 

domains to the putative pseudogene, it was then proposed to name the pseudogene as 5- 

Hïïb-pseudogene. Most interestingly, the pseudogene is transcribed as it was also picked 

up fiom a fetal cDNA library. 



DISCUSSION 

The dopamine hypothesis of schizophrenia has m t e d  much attention in the hope 

of discoverhg the basis of this illness. The recent rapid progress in identifying new 

dopamine receptors has not abated the scienfifc pace in searching for novel dopamine 

receptors in the brain. 

Antipsychotic dmgs such as haloperidol, chlorpromazine, remoxipride or clozapine 

are effective in stopping the positive symptoms of schizophrenia such as delusions and 

hallucinations. The effective therapeutic doses have indeed demonstrated a positive 

correlation with their dissociation constants (K values) at the dopamine M receptor, with 

the exception of clozapine which bind to the W receptor (Seeman and Van Tol, 1993). 

The identifcation of the W dopamine receptor (Van Toi et al.. 199 1) has shed new light on 

both the clinical and basic aspects of this topic. The apparent lack of tardive dyskinesia or 

extrapyramidal side-effects with clozapine (Lieberman et al., 199 1 ; Casey , 199 1) suggest a 

D4 receptor blockade iastead of the traditional D2 antagonism. As an effective neuroleptic 

target in treating schizophrenia, W receptors may possibly becorne the focal point for 

further dopamine receptor studies. 

In searching for a Despecific h g  with fewer side-effects, a new dopamine 

receptor site (labelled by a tritiated benzquinoline) was found to be elevated in 

schizophrenia striatum (Seeman et al., 1996). In this thesis project, molecular techniques 

such as low-strhgency library homology screening, and PCR amplification cloning were 

applied with the intention of isolating this new dopamine receptor in the brain. 

Low-stringency library scrrening, using a human W.2 TM1-3 probe, a human D2 

TM 6 7  probe and a schkophrenia caudate cDNA library failed to pick up any novel clones. 

There are a few possible explmations for this failure. First, even though low-stringency 

screeniag can pick up clones carrying sequerices not 100% homologous to the probe, 

according to the clonhg of D2-like family members (Bunu>w et al., 1988; Grandy et al., 



1989; Sokoloff et al., 1990; Van TOI et al, 199 l), this technique is not sensitive enough 

unless the sequence homology between the probe and the novel clone of at least 80% at 

nucleotide level is present. Therefore, the new receptor may not be picked up by this 

method if it has a gene stnicture quite different fiom the presently known D2-like receptor 

members. This reasoning could also probably explain why D2, D3, and D4 receptors were 

cloned sequentially, and why this new site has not been i&ntifïed before ail the other 

mernbers in the famiy. 

Second, the particuiar cDNA iibrary made fiom the schizophrenia caudate tissue 

may not represent a high level transcription of the novel gene, which could rnake Library 

screening less sensitive. This possibility may be k l y  since the three positive clones 

hybridized with the D2 TM67 probe were ail D2 receptor cDNA fragments, whereas D3 

and D4 receptors were not picked up. This was probably due to the low expression of D3 

and D4 in compatison to that of the D2 receptor. 

The third possible reason is based on the fact that the distribution of a given M A  

is distinct from the distribution of the correspondhg receptor binding sites (Meador- 

Woodniff et al., 1994). The mRNA encoding a receptor protein will be found oniy in the 

ce1 body which is associated with the receptor. However, the receptor binding sites could 

be disüibuted on different parts of a given neuron inciuding the cell body, axons and 

dencirites. The extending axons and associated dendrites could be quite distant from the 

soma. Therefore, the novel dopamine receptors may be synthesized somewhere else in the 

braia, and subsequently transported to the striatum where they exert the signal tnuismission 

effect on the celi surface. The same hypothesis was dso used to explain the discrepancy of 

the absence of Dl receptor mRNA in substantia nigra and globus pallidus regions despite 

the high densities of receptor sites in these areas (Gale et ai., 1977). 

Stratepicdy, genomic DNA library was initially not used for new clone screening 

in order to avoid the possible existence of large introns intempting the coâiag sequence, as 

thls bas been tnie for aU the D2-lürc farnily mmbets (Bunzow et al.. 1988; Grandy et al., 



1989; Sokoloff et al.. 1990, Van Tol et ai., 199 1). However, it is concluded fiom this 

study that genomic library scteening would be a much better approach to identiry a novel 

gene under low-sniagency homologous screeniag conditions. In a genomic DNA library, 

every gene of the genome is pnsent with equal concentration. Clearly, by using a genomic 

DNA library, the latter two possible problems associated with a cDNA library can be easily 

solved. Moreover, since the mapping and sequeacing of the human genome have become 

increasingly important, to recognize a gene without having a cDNA one must start with 

genomic DNA. 

Lastly, we speculated biat the novel receptor could result fiom post-translational 

modification of D2-Wre receptors . There isn't any evidence to support this hypothesis yet, 

but it is still worth king aware of this possibility for funire studies. 

The PCR technique has been instrumental in identifymg many new G protein- 

coupled receptors (Libert et al., 1989; Marchese et al., 1994). It is reaüzed that PCR 

amplification cloning is preferabie to library screening with respect to time consumption, 

the use of radioactive isotopes, and cloning sensitivity (Sarkar and Sommer, 1989). 

Therefore, PCR amplification of schizophrenia genomic DNA with degenerate 

oligonucleotides was performed to cary on t&e search for the novel dopamine receptor. 

The fgst set of oligonucleotides was designed with low degeneracy, based on the 

conserved sequence of TM 6-7 regions of human D2-like family members (Grandy et al., 

1989; Sokoloff et al., 1990; Van Tol et ai., 1991). 

As we raised the PCR annealing temperature from 45°C to SO°C , and tben to SS°C, 

the obtained clones exhibited graduaiLy incnased specificity. At 5S°C, aü the clones 

amphfieci were identifieci D2, D3, and W reoeptors sequences with fewer nonspecifîc 

unLnown sequences. Among ail the clones obtained fiom PCR at the annealing 

temperature of 4S°C, W was absent fiorn the D2-lüre family, but 5-HTla and 82 

adrenoceptor were pnsent (Kobiika, 1987a and 198%). 



It was thought then that if we could increase the degeneracy of the oligoprhm 

derived from both D2-Wre family and some serotonin receptor families with relatively high 

homology to dopamine receptors, we would be able to ampliS, genes with a more diverse 

structure at a moderate mealing temperature. Hence, the second set of oligonucleoti&s 

were synihesized based on the same conserved region of TM 6-7 of D2, D3, D4, 5-HT5a 

and 5-HT7 receptors. One clone, PCRIS, arnplined fiom schizophrenia genomic DNA at 

52°C annealing temperature, was observed to carry a sequence higbly homologous to the 5- 

HT7 receptor. Another clone, PCR29, was also identified to share high homology to the 

5-HT7 sequence, yet its deduced amino acid sequence has an apparent frame-shift due to 

one nucleotide deletion in the TM 6 region of the gene. Comparing the sequence of the two 

clones at both nucleotide and amino acid levels, it was found that they share the highest 

sequence homology to each other more than each one to 5-HT7 among this putative TM 6-7 

region. It was then proposed p r e m a ~ l y  that clone PCRIS represented a new member of 

the 5-Hn family, and clone PCR29 was a pseudogene of this new 5-HT7 subtype. 

PCR amplification, using degenerate oligonucleotides, is, therefore, favored as a 

sensitive approach in searching for new homologous genes h m  genomic DNA simples. 

The extent of oligonucleotide degeneracy and the PCR annealing temperature are pivotai to 

successful cloning. 

Clone PCR29 was used as a probe io screen a human genomic library under high- 

stringency conditions, and subsequent Southern blot analysis of raadom enzyme-digested 

positive clones nvealed a 1.6 kb PniLI fragment, named PG6. Sequence analysis of this 

clone identified a cDNA of 1065 bp which shared high homology to the 5-H'W sequence 

from the fmt methionine to the scquence encoding the putative TM6 region. A putative 

methionine initiation codon was identified with the Kozak sequeace as the staning signature 

for translation. Restriction enzyme sites w e a  examined, and it was found that the absence 

of the 3' end of the gene (starting from the middle of the loop between TM6 and TM7) was 



due to the presence of a putative RruII site on the gene so that the sequence was fiagmented 

during PvuII enzyme digestion (Bard et al., 1993). 

Parallel fetai brain cDNA library screening was also performed using the same 

PCR29 as a probe, and the sequence of positive clone was anaiyzed. Clone D-1 of 1.3 kb, 

identified to be part of the cDNA copy of the gene represented by PG6, reveaied 260 bp of 

the 3' end of the gene, not including the 1st stop codon. Hence, the gene represented by 

the combination of the genomic and the cDNA fragments was 1326 bp long with signüicant 

nucfeotide homology to 5-HT7 receptor gene. The intron which interrupts the coding 

sequence of S-HT7 (Shen et al., 1993; Bard et al., 1993) was missing from the novel 

sequence. The deduced amino acid sequence exhibited 8 frame shifts, one in-frame stop 

codon, multiple nucleotide deletions and insertions with 85% amino acid identity to that of 

5-HT7 receptor. Based on ail the above information. it was then concluded that this novel 

clone was a pseudogene (Jacq et al., 1977). Since prelirninq data has shown the 

existence of a novel 5-HT7 subtype which shares the highest homology to this 

pseudogene, we named this pseudogene as the "5-HT7b pseudogene". 

hcreasing numbers of pseudogenes have been discovered to be part of many 

different multigene families in rnarnmaiian species (Vainin, 1985). The hnctionai 

importance of pseudogenes have not ken M y  understood since the coding potential of 

these genes are variable. Neverthless, the characteristic features of some pseudogenes have 

k e n  well studied, and the uniqueness of this group of pseudogenes are of much interest in 

the scope of this project. According to the sequence of the putative 5-H'Ub pseudogene, it 

belongs to a particula. group tenned as 'processed pseudogenes" (Vainin, 1985; Thierry, 

1993). Rocessed pseudogenes possess an intmdess structure cornpared to their functional 

genes, thenfore, and have been proposed to aise via a mRNA intermediate. The putative 

5-IFI7b pseudogene is indeed intronless. nie other category of the pseudogenes is so- 

cded 'hou-pmcessed pseudogenes" which retain the introdexon structure of the funcrional 



gene. This group of pseudogenes are thought to emerge by either duplication or silencing 

of the functional counterparts (Vainin, 1985). 

Various types of genetic lesions have been discovered as part of the cornmon 

features arnong the processed pseudogene family. With four exceptions (Chen et al., 1982; 

Dudov and Perry, 1984; Karin and Richards, 1982; Scarpulia, 1984: Varshney and 

Gedamu, 1984), most of the lesions preclude translation of a transcnpt from these 

sequences into a huictional polypeptide. Typically, the lesions include in-frame stop 

codons produced by singie-base-pair changes, insertions and deletions of nonintegral 

nucleotides that cause reading hune shifts resulting in sometimes premature termination. 

These lesions were also found in the putative 5-HT7b pseudogene. 

Moreover, there are several characteristic landmarks to define these processed 

pseudogenes (Vainin, 1985). First of ali, there are no intervening introns in these 

pseudogenes in cornparison to their huictional genes such that the sequences 5' and 3' to 

the intron sequences of the fiuictional genes are contiguous in the pseudogenes. As we 

studied the sequence of the 5-HT7 gene and the proposed 5-HT7b pseudogenes, the intron 

positioned right at the end of the putative TM3 in the 5-HT7 receptor gene was precisely 

excised out in the pseudogene. 

With few exceptions, the second common feature is that the sequence homology 

between the functional gene and its pseudogene stops at the point where the beginning and 

the end of the transcnpt fiom the functional gene sit. Since the putative functional 

cowterpart of the 5-HT7b pseudogene, 5-HT7b (represented by PCRlS), has not been 

fully cloned, this feature has not yet been detected. Uiifortunately, for the same reason and 

the lack of sequence information of the 5' and 3' untranslated region of the pseudogene, the 

other two sequence characteristics common to many of the processed pseudogenes are also 

not known at the present the. niat is, many of the processed pseudogenes contain a 

polyA sequence immediately 3' to the point where the homology between the functional 

and the pseudogene ceases; furthemore, they are flanked by direct repeats of about 7-17 bp 



positioned right after the 3' polyA tract and right before the 5' homology between the 

pseudogene and its functional couterpart starts. These two properties are yet to be 

detenauied for m e r  characterization of the putative 5-HT7b pseudogene (Fig. 20). 

Until now, ody limited numbers of pseudogenes have been found to be transcribed 

by RNA polymerase II to give the comsponding mRNAs. For example, both the rat RC9 

cytochrome c pseudogene (Scarpulla, 1984) and the rnouse rpL324A pseudogene (Dudov 

and Perry, 1984) could be transcribed since their 5' flanking region contain an "ATA" box 

at about -30 which is one of the sequences necessary for correct RNA polyrnerase II 

transcription. 

More recently, transcripts of the human dopamine D5 pseudogene, pDRD5- 1, was 

found to be present in human cDNA libraries including putmen, hippocampus, nucleus 

accumbens, and substantia nigra, as weli as cDNA prepared from polyA+ RNA isolated 

fiom the neuroblastoma celi iine SK-N-MC (Nguyen et al.. 199 1 a and 199 1 b). 

In addition, the human serotonin 5-HTlD receptor pseudogene was found to be 

transcribed in various human tissues as indicated by RT-PCR and Southem blot analysis 

(Bard et al., 1995). In this project, we also found the putative 5-HT7b pseudogene to be 

transcriptionally active, as the fetai brain cDNA library screening revealed the presence of 

the pseudogene cDNA copies representing the mRNA transcripts. 

The mRNA tissue distniution profile of the putative pseudogene has not been 

studied. It is worth nohg that the signincant homology of the pseudogene to 5 - W ,  and 

k l y  higher identity to its proposed fimctional gene, 5-HWb, could cause 

misinterpretation of in-situ hybridization and Northem blot andysis using 5-HT7 as a 

probe. Nevertheless, the fact chat the pseudogene is expressed in the fetal brain cDNA 

library, and possibly the nsulting mRNA translates to form a tnuicated polypeptide of 153 

amino acid long, is rather intciguing. 



Functi onal 
gene 

Fig. 20 Illustration of a processed pseudogene and its fùnctional counterpart. The solid 
blocks indicate the exons, with the diagonal dashed lines between the functional gene and 
the pseudogene indicating the common sequences. The solid line represents flanking and 
intervening sequences of the functional gene. The arrows f lanhg  the pseudogene incücate 
the direct repeats, and the dashed h e s  in the pseudogene represent the sequences flanking 
the pseudogene are not the same as those flanking the functiond gene. (A)n represents the 
poly A tail found in the pseudogene. 



It is also surprising that almost all the pseudogenes belonging to the G protein- 

coupled receptor superfamily, including the putative !j-HT7b psudogene, are 

transcriptioaally comptent, and possibly give rise to tnincated polypeptides (Nguyen et 

al., 1991a and 1991b; Grandy et al., 1991; Weinshank et al., 1991; Nguyen et al., 1993; 

Bard et al., 1995) (Fig. 21). The functional roles of these pseudogenes are stili puzzling. 

It is uniikely that their proteins would carry out the same hinctional jobs as their counterpart 

receptors. However, the presence of G protein-coupled receptor pseudogene aanscripts in 

human may be the result of evolution pressure. 

It was hypothesized that these transcriptionally active pseudogenes arose from a 

gene duplication or a transposition event during evolution rather than fiom an RNA 

intermediate as described above (Bard et al.. 1995). The loss of gene huiction as a result 

of gene silencing was suggested to be a ncent event. It was postuîated that pseudogenes 

evolve at a rate pater  thm or equal to 1 to 2 x 10J> nucleotiâe substimtions/site/year 

(Bailey et al., 199 1). Based on the nucleotide sequence of 5-EFLT and the putative 5-HT7b 

pseudogene, 12% difference would indicate the gene divergence h m  a common ancestor 

as a ment  event. Searching of the 5-HT7b pseudogene in other species rnight provide 

further information for the time of the gene divergence . 
It is worth looking at some of the distinctive features of the 5-HT7 nceptor io 

explore M e r  the role of the putative 5-HT7b pseudogene. Nucleotide sequence anaiysis 

(by cornparhg 5-HT7 to the 5-HT2 and 5-ilT5 receptors and to the D2-Wre dopamine 

receptors) has shown that the genes encoding the 5-Hl2 and 5-HT5 serotonin receptor 

subtypes do not have introns at the same position as that of the 5-HT7 receptor gene, which 

is positioned within the codon for Arg-139 a k r  putative TM3. Rather surprisingly, there 

are introns found at the same position within the genes encoding the D2, D3, and W 

receptors as that of the 5-HT7 gene. 



Fig. 21 Sequence of the tnuicated peptide encoded by 5-Hnb pseudogene (bottom, 
designated as 5HT 7b pseudo) in cornparison with the corresponding sequence of the 5- 
Hï"7 gene (top, designated as 5HT 7). This tnuicated peptide has 153 residues, if 
translation proceeded through the first frame shift (see Fig. 18 for reference), due to an 10 

bp insertion in the readiag fiame. The shaded area in 5-HT7b pseudogene represents the 
residues that are different fkom that of the 5-HT7. 



In ternis of the pharmacology of the 5-IFn receptor, perhaps the most interesting 

one is its high affinity for a few therapeuticdy important antipsychotic dmgs such as 

clozapine and loxapine (Shen et al., 1993). At the thetapeutic concentration of f 5 nM, the 

aff"iaity of 5-Hi7 receptor for clozapine is similu to that of the W dopamine receptor (Van 

Tol et al., 1991). As we studied the primsry structures of these two receptors, it was 

found that the homology between the W and 5-HT7 receptors at the nucleotide level was 

about 361. In addition, the brain 5-Hl7 receptors are found in the limbic regions as is 

the case with the W receptor (Van Tol et al., 1991; Murray et al., 1995; Seeman, 1995). 

Tbis eviàence implies a possible role of the 5-HT7 receptor in several neuropsychiatric 

disorders involving serotonergic systems; moreover, they suggest some relation between 

the 5447'7 and D4 receptors. 

It has been suggested that perhaps the 5-HT7 receptor and the D2-iike dopamine 

receptors are evolutionarily linked, based on their primaq structure and phamiacological 

similarities (Shen et al., 1993). A further search for subtypes within the 5-HT7 receptor 

family is necessary to help uncover this interesting puzzle. The presently cloned 

pseudogene belongs to the 5-HT7 family, and it exhibited peptidic homology to D2, D3, 

D4 receptors within the TM regions of Wb, 42%,37% respectively. 

However, due to the lack of information on the functional counterpart of the 

proposed 5-H'Vb pseudogene, it is too early to see a possible role for the pseudogene in 

the brain, based solely on its primary nucleotide structure and the 5-HT7 receptor. 

We are now in the process of isolating the fùnctiond 5-HT7b subtype. PCR 

amplification of human control genomic DNA and schizophrenia genomic DNA, using 

specific oligoprirners àenved fÎom the putative TM67 regions of KR15 and PCR29 

sequences, have not yet revealed any putative S-HI"7b clone carrying the same sequence as 

that of PCRIS. Ail of the sequences analyzed h m  both DNA amples were either the 5- 

H l 7  receptor or the 5-HT7b pseudogene. Human genomic DNA Library and fed brain 



cDNA library screening using radiolabelled S-HT7b fiagrnent (PCRIS) as a probe are in 

progress. 

Dopamine and serotonin systems have been both implicated in the pathogenesis of 

scbphrenia. Members of the 5-HT7 receptor famiy which share important 

characteristics with the  NO distinctive neurotransmitter systems wili help to bridge the two 

systems and lead to the design of new straîegies for the study of the disease and the 

development of better therapeutic medication. 
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